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Introduction 

During  the  first  stage  of  the  development  of  seismo- 
graphic  geophysical  exploration,  the  only  method  that  had 
any* practical  significance  was  the  most  elementary  modifi¬ 
cation  of  the  method  of  refracted  waves  -  the  method  of  xirst 
entries.  This  was  basically  due  to  the  low  level  of  the  me¬ 
thods  and  techniques  of  Seismolbgical  observations:  on  the 
seismograms  obtained  at  the  time,  for  the  most  part  nothing 
could  be  utilized  except  the  travel  time  of  the  first  wave. 

Of  certain  significance  was  also  the  fact  that  information 
about  the  singularities  of  the'  propagation  of  elastic  waves 
in  heterogenous  media  was  extremely  scant. 

The  development  of  the  method  of  refleeted  waves  si¬ 
gnified  the  transition  to  a  new,  more  efficient  observational 
technique' for  seismographic  geophysical  exploration.^  Insofar 
as  reflected  waves  never  produce  first  entries  on  seismograms, 
it  was  necessary  to  introduce  into  the  technique  of  regis¬ 
tering  seismic  observations  improvements  that  would  assure 
the  interpretation  of  seismograms  in  the  area  of  subsequent 
entries.  This  was  accomplished  by  introducing  into  seismo¬ 
graphic  geophusical  exploration  the  "correlation  '  method 
of  isolating  and  tracing  waves,  as  well  as  special  measures 
for  eliminating  the  interfering  waves,  mostly  surface  and 
sound  air  waves. 

A  correspondingly  radical  modification  of  equipment 
and  methods  of  seismic  observations  was  performed:  single 
seismographs  were  replaced  by  multichannel  seismic  stations; 
from  seismographs,  amplifiers  and  galvanometers  there  was^ 
required  not  only  high  sensitivity  but  also  a  quite  definite 
frequency  selectivity  and  strict  identity  of  frequency  and 
phase  characteristics;  for  greater  reliability  of  wave  cor¬ 
relation,  the  spacing  between  seismographs  was  decreased; 
the  conditions  of  the  excitation  of  oscillations  (explosions 
in  wells)  were  improved. 

These  improvements  in  the  method  and  technique  of  re¬ 
gistering  seismic  waves  immediately  produced  results:  the 
method  of  reflected  waves  quickly  acquired  the  place  of  ho¬ 
nor  among  other  geophysical  methods  of  exploration  and  al¬ 
most  completely  replaced  the  method  of  first  entries.  The 
latter  began  to  be  utilized  mostly  for  determining  the 
thickness  of  the  "zone  of  weathering"  in  connection  with 
the  need  to  enter  corrections  for  this  zone  into  the  obser¬ 
vations  of  reflected  waves. 

The  superiority  of  the  method  of  reflected  waves 
over  the  method  of  first  entries  was  completely  obvious. 
However,  there  was  no  reason  to  connect  this  with  the  type 
of  the  registered  waves,  i.e.,  to  consider  that  refracted 
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waves  are  less  useful  for  exploratory  aims  than  are  reflect¬ 
ed  ones.  This  can  easily  be  attributed  to  the  fact  that  the 
method  of  refracted  waves  continued  to  be  regarded  as  the 
method  of  first  entries-  consequently,  those  improvements 
which  assured  the  success  of  the  method  of  reflections  were 
not  introduced  into  it.  It  was  possible  to  think  that  the 
effectiveness  of  the  method  of  refracted  waves  would  increa¬ 
se  essentially  if  this  method  were  based  on  the  registration 
not  only  of  the  first  but  also  of  the. subsequent  entries* 

The  creation  of  the  method  of  reflected  waves  pre¬ 
pared  the  initial  technical  foundation  for  the  development 
of  the  method  of  refracted  waves  within  this  context.  If 
it  did  not  male e  sense  to  adopt  techniques  of  reflection  re¬ 
gistration  for  registration  of  the  first  entries,  such  a- 
doptions  were  very  expedient  for  the  registration  of  sub¬ 
sequent  phas es  of  refracted  waves,  First  of  all,  it  was 
necessary  to  utilize  the  correlation  principle  of  isola¬ 
ting  and  tracing  waves  in  the  area,  of  subsequent  entries, 
and  the  method  and  techniques  of  seismic  observations  that 
correspond  to  this  principle.  .  Thus,  the  thought  of,  provid¬ 
ing  the  method  of  refracted  waves  with,  the  same  .technical 
means  as  the  method  of  reflected  waves  arose  naturally. 

The  considerations  cited:  here  have,  forced  the  author 
of  these  lines,  together  with  a  group  of  co-workers  of  the 
Division  of  Physical  methods  of  Exploration  of  the  Insti¬ 
tute  of  Theoretical  Geophysics  (currently  the  Geophysical 
Institute) ,  Academy  of  Sciences  US3H,  to  undertake  the  crea¬ 
te  of  a  new  modification  of  the  method  of  refracted  waves, 
based  on  the  registration  of  first  and  subsequent  entries 
of  refracted  waves.  This  modification  was  call ed_ the  corre¬ 
lation  method  of  refracted  waves  (abbreviated  CMRtfO  in  or¬ 
der  to  stress  the  significance  of  the  correlation  principle 
of  isolating  and  tracing  waves  in  the  new  method. 

The  experiments  of  the  first,  few  years  (1938-1940) 
gave'  hopeful  results.  The  possibility  and-  practicality  were 
determined  of  introducing  the  correlation  principle  into 
the  method  of  refracted  waves ,  and  method  and  practical  pro¬ 
cedures  of  refracted-wave  registration  that  correspond  to  it. 

It  was  established  that  a  transition  from  the  method 
of  first  entries  to  CMB¥  leads  not  only  to  an  increase  in 
the  accuracy  of  exploration  results  but  also  to  an  essential 
expansion  of  the  area  of  solvable  problems.  For  example, 
by” means  of  OMR'f,  under  certain  conditions,  "shielded  lay¬ 
ers  may  be  studied,  which  are  inaccessible  in  principle  to 
the  method  of  first  entries:. 

During  the  first y ears,  the  CMEtf  was  developing  under 
the  great  influence  of  the  method  of  reflected  waves,  while 
mastering  the  techniques  of  the  latter,  nater,  in  some 
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problems  of  theory  and  practice,  CHEW  outran  the  method 
of  reflection.  As  an  example,  the  problems  of  utilizing 
the  dynamic  peculiarities  of  seismic  waves  and  methods  of 
phase  correlation  may  be  cited,  which  are  developed  in  much 
greater  detail  and  much  more  fully  in  the  CMRW  than  in  the 
method  of  reflections*  The  dynamic  correlations  on  seis¬ 
mograms  are  utilized  in  CMRW  in  the  area  of  utilizing  the 
dynamic  peculiarities -of  recordings,  as  well  as  some  others 
in  their  turn,  will  alsb  turn  out  to  be  useful  for  the  me¬ 
thod  of  reflected  waves,.  ;  , 

The  exploration  possibilities  of  the  CMRW  and  the  me¬ 
thod  of  reflections  were  compared.  It  was  found  that  both 
methods  have  their  particular  relative  advantages  and  draw¬ 
backs  ,  but  on  the  whole  both  methods  are  approximately  e- 
qually  valuable.  They  should  be  regarded  not  as  rivals  but 
as  mutually  complementary  methods,  whose  combined  utiliza¬ 
tion  may  give  especially  fruitful  results. 

One  of  the  main  virtues  of  CHEW  lies  in  the  fact  that 
it  enables  one  to  determine  reliably  one  of  the  physical 
parameters  of  refracting  layers,  namely:  the  speed  of  pro¬ 
pagation  of  seismic  waves  along  them.  The  knowledge  of  this 
parameter  considerably  eases  the  construction  of  seismic 
sections  and  tlieir  geological  interpretation. 

During  a  number  of  years  of  methodological  and  expe¬ 
rimental  production  work  on  CMRW  in  various  regions  of  the 
USSR,  both  equipment  and  the  method  of  field  observations 
and  interpretation  of  the  results  were  developed;  and  many 
problems  of  the  physics  of  elastic  waves,  important  for  the 
development  of  the  method  were  studied.  The  usefulness  of 
CMRW  was  established  for  the  solution  of  a  great  number  of 
important  practical  geological  exploration  problems  in  the 
exploration  and  search  for  petroleum,  coal  and  ore  deposits. 
Some  other  areas  of  CMRW  utilization  were  projected;  in 
particular,  there  is  reason  to  believe  that  CHEW  will  also 
turn  out  to  be  useful  for  the  solution  of  geological  engi¬ 
neering  problems,  particularly  in  searches  connected  with 
the  great  developments  of  communism. 

CMRW  has  already  begun  to  be  utilized  in  industrjr. 
Later,  wider  development  of  work  on  the  CMRW  should  be  ex¬ 
pected.  In  connection  with  this,  the  need  of  writing  a  ma¬ 
nual  of  CMRW  arose.  Until  now,  there  were  only  periodi¬ 
cal  articles  on  separate  problems;  furthermore,  the  brevity 
of  the  statements  and  disconnectedness  of  articles  made  .it 
difficult  to  become  acquainted  with  the  method  as  a  whole. 
This  book  is  the  first  attempt  at  unification  of  the  mater¬ 
ials  on  CMRW  in  the  possession  of  the  Geophysical  Institute, 
and,  on  this  basis,  at  giving  a  systematic  account  of  the 
method  to  serve  as  a  manual  in  conducting  field  work  and 
in  interpreting  its  materials. 
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This  manual  of  CMKW  is  ‘basically  intended  for  seismological  engi-  . 
neers  who  are  acquainted  with  the  method  of  reflected  waves*  This  allow¬ 
ed  abbreviating  the  text  of  the  manual  considerably  and,  at  the  same 
time,  comparing  the  peculiarities  of  both  methods  more  fully. 

Though  the  authors  of  the  manual  took  part  jointly  in  the  develop¬ 
ment  .of  the  whole  method,  the  work  of  composing  the  text  of  the  manual 
was  divided  among  the  authors  by  chapters :  G,  A.  Gamburtsev  wrote  the 
Introduction  and  Chapter  I;  Yu*  Vi  Riznichenko,  Chapters  V,  VII  and  * 
Section  4  of  Chapter  VI;  I*  S.  'Berzon,  Chapter  IV  and  Chapter  VI  (except 
Section  4);  A;  M,  Yepinat  *yeva,  fhapters  VIII  and  IX;  I.  P*  Kbsminskaya 
Chapter  III  and. Sections  1-5,  and  6  of  Chapter  III  (in  collaboration  with 
I.P,  Pasechnik);  I.  P*  Pasechnik,  fhapter  II  and  Section  7  of  Chapter  III; 
and  Ye.  Vi  Karus,  Sections  8  and  9  of  Chapter  III* 


CHAPTER  I 


Physical • Principles  of  CMKW 

The  correlation  method  of  refracted  waves  (CMKW )  is  a  seismic  method 
of  studying  the  geological  formation  of  a  medium  in  the  interval  of 
depths  from  several  meters  to  several  kilometers*  By  means  of  the  CMKW,  the 
depths  and  shapes  of  seismically  refractive  boundaries  are  determined,  as 
well  as  the  speed  of  propagation  of  elastic  waves  along  them  (boundary 
velocity).  CMRW  is  based  on  the  registration  of  the  same  type  of  waves 
as  is  the  frld  modification  of  the  method  of  refraction  waves  (the  method 
of  first  entries;  however,  the  method  and  technique  of  exploration  of  . 
the  CMRW. is  closer  to  the  method  of  .  reflections. 

The  basic  peculiarities  of  the  CMRW  consist  in  the  following 

1)  in  differentiation  from  the  method  of  first  entries,  CMRW  utilizes 
not  only  the  times  of  first  entries  on  seismograms,  but  also  the  times 
of  arrival  of  subsequent  groups  of  refracted  waves; 

2)  in  the  CMKW,  a3  in  the  method  of  reflected  waves,  the  principles 
of  phase  correlation  of  waves  are  utilized  in  tracing  the  waves  on  seis¬ 
mograms; 

3)  in  the  CMRW,  as  in  the  method  of  reflected  waves,  the  selection  of  the 
system  of  seismic  observations  is  subjected,  as  a  rule,  to  the  require¬ 
ment  of  obtaining  correlated  complete  systems  of  holographs; 

4)  in  CMKW,  the  dynamic  eharacteristics  of  the  waves  (intensity,  form) 
are  utilized  more  widely  than  in  the  method  of  reflected  waves;  further¬ 
more,  not  only  for  carrying  out  phase  correlation  but  also  with  the  aim 
of  directly  relating  dynamic  features  on  seismograms  with  the  peculiari¬ 
ties  of  the  structure  of  the  medium  under  study; 
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5)  the  method  and  technique  of  exploration  according  to 
CMR'J  provide  for  the  possibility  of  combined  utilization  of 
CMR'f  and  the  method  of  reflected  waves.. 

The  basic  features  of  CkH7f  indicated  here  are  deter¬ 
mined  by  the  physical . peculiarities  of .  refracted  waves  in  ac¬ 
tual  geological  media.  These  peculiarities  were  made  clear 
mostly  as  a  result  of  analysis  of  wide  experimental  field^ma- 
terials,  accumulated  by  the  Geophysical  Institute  of  the  ~ca- 
demy  of  Sciences.  USSR  over  a  number  of  years  of  work  on  CliRrf. 
under  various  geological  conditions,  Further  on,  we  shall 
pause  at  some  of  these  peculiarities,  those  which  have  a  de¬ 
cisive  significance  for  the  development  of  the  method  and  tech¬ 
nique  of  exploration  of  the  OliR'l . 

1.  The  Types,  of.  Refracted  laves 

Frontal  baves  and  the  mechanism  of  Their  formation.  In 
the  Cr'Bjf  (and  generally  in  seismic  exploration;  refracted  wa¬ 
ves,  in  the  sense  in  which  they  are  usually  understood  in ^phy¬ 
sics  courses,  are  found  very  rarely.  Indeed,  if  the  points  ox 
excitation  and  reception  of  elastic  oscillations  are  located 
on  one  side  of  a  seismic  boundary  which  taxes  place  most  of 
the  time  in  seismic  exploration,  tue  usual' refracted  waves  may 
be  discovered  only  in  the  case  of.  a  concave  refracting  bounda-^ 
rv.  Only  in  fault  seismography ,  where  the  points  of  excitation 
and  recentian  of  oscillations  may  be  located  on  different  sides 
of  the  studied  boundary  will  suitable  conditions  for  registra¬ 
tion  of  these  waves  exist. 

These  waves,  which  in  seismology  are  usually  called  re¬ 
fracted  waves,  strictly  speaking  belong  to  one  of  the  types  ox 
diffracted  waves,  namely:  to  the  so-called  frontal  waves  (or 
to  I.introp  waves,  in  the  old  terminology). 

From  now  on,  we  will  still  keep  for  them  the  name  re¬ 
fracted  waves,  and  only  in  individual  cases,  when  it  will  be 
necessary  to  stress  their  difference  from  the  usual  rexracxed 
waves  or  other  types  of  diffracted  waves,  will  we  call  them 

frontal  waves.  ,  ,  , 

The  physical  interpretation  of  a  frontal  wave  may^be 
given  in  an"  elementary  form.  As  close  analogues  of  the  frontal 
wave  in  seismism,  there  may  serve  both  the  header  ballistic 
sound  wave  that  originates  in  the  flight  of  a  missile  witn  a 
speed  exceeding  that  of  sound,  and  the  lignt  radiation,  dis-^ 
covered  by  3.  I.  Vavilov  and  P.  A.  Cherenkov  /12/ ,  observed  xn 
the  motion  of  an  electron'  in  a  medium  with  a  speed  nigjxer  tnan 

the  speed  of  light.  .  . 

’  A  still  closer  analogy  may  be  found  in  tne  following 
mental  experiment  /l9/.  Let  us  assume  that  in  a  hard,  homoge- 
••  nous , 
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elastic  medium  a  certain  source  of  perturbation  is  moving 
with  a  speed  that  exceeds  the  speed  of  the  longitudinal  waves 
in  the  medium.  Then  “ballistic''  longitudinal  and  transverse 
waves  will  originate  in  it,  which,  according  to  the  mechanism 
of  their  formation,  will  be  close  to  the  frontal  waves  in  se- 
ismism  in  the  case  of  thin  refracting  layers. 

Indeed,  if  in  a  homogeneous,  elastic  medium  there  is  a 
thin  layer  in  which  the  speed  of  propagation  of  elastic  waves 
is  greater  than  in  the  surrounding  medium,  then  the  perturba¬ 
tion  propagated  along  the  given  layer  will  obviously  induce 
in  the  surrounding  medium-  the  appearance  of  the  same'  “ballis¬ 
tic"  or  frontal  waves.  The  existence  of  radiation  from  the 
layer  into  the  medium  follows, from  the  boundary  conditions,  as 
a  consequence  of  which  the  components  of  elastic  displacements 
and  stresses  on  both  sides  of  the  division  boundary  ht  the  very 
boundary  line  must  be  correspondingly  equal  (continuity  of 
displacements  and  stresses) . 

In  Pig.  I,  the  fronts  of  the  developing  waves  are  pic¬ 
tured  for  that  simplest  of  cases  when  the  focus  of  perturba¬ 
tion  V  is  located  in  the  layer,  itself.  The  receiver  which  is 
located  at  some  point  P  outside  of  the  layer,  will  note  the 
head  wave.  Noe  let  receiving  point .  P  change  places  with  ex¬ 
citation  point  B  of  oscillations,  preserving  the  correspond¬ 
ing  characteristics  of  directivity.  Then,  as  a  consequence  of 
the  principle  of  reciprocity  /l3/>  we  will  discover  that,  with 
excitation  of  oscillations  at  point  P,  there  will, exist  at  point 
B  the  same  perturbation  as  in  the  first  case.  This  explains  the 
transmission  of  elastic  energy  not  only  from  the  layer  to  the 
surrounding  medium  but  also  from  the  medium  to. the  layef. 

Combining  both  of  these  cases,,  we  could  obtain  the  full 
kinematic  picture  of  frontal  wave  propagation.  However,  with 
this  aim,  let  us  examine  a  still  simpler  case,  namely:  the 
case  of  one  boundary  that  divides  two  half -spaces.  Let  us  as¬ 
sume  that  the  focus  of  oscillations  is  in  the  medium  with  a 
smaller  velocity  of  propagation  of  seismic  waves.  In  Pig.  2!, 
the  fronts  of  the  longitudinal  frontal  waves  obtained  in  this 
case  are  shown,  as  well  as  those  of  the  straight  and  reflected 
longitudinal  waves.  As  follows  from  elementary  computations 
based  on  the  application  of  the  laws  of  geometric  seismics,  a 
detachment  (leading)  of  the  front's  of  waves  in  the  second  medium 
by  the  fronts  of  the  waves  in  the  second  medium  by  the  fronts 
of  the  waves  (straight  and  reflected)  in  the  first^medium  ta¬ 
kes  place'  outside  of  sector  AA' .  Precisely,  this- detachment 
leads  to  the  appearance  of  additional  radiation  in  .the  first 
medium  (i.e.,  frontal  waves i^|:s.ince  otherwise  the  conditions 
of  continuity  of  stressesitSh;a' displacements  would  be  disrupted. 
Inside  the  area  AA1.,  the  fronts  of  straight,  and  reflected  waves 
in  "the  first  medium  will  merge  with  the  fronts  of  refracted 
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13 c  1  frontal  waves  in  the  case  of  a  thin  layer, 

Sftnd  P  are  correspondingly  longitudinal  waves  in 
thp  layer  and  in  the  containing  medium;  S  is  -he 
transverse  wave  in  the  medium;  P*P  b°n|h0U 

dinal  frontal  wave  produced  in  ^  btr2£.. 

longitudinal  wave  in  the  layer;  P*S  is  the  trans 
verse  head  wave  in  the  medium,  produced  by  the 

longitudinal  X*  drawing  it  was 

assumed  that  the  focus  V  does  not stimulate  trsno 
verse  waves  in  the  layer. 

waves  in  the  second  medium.  Thus,  in  this  area  necessary 
conditions  for  formation  of  head  waves  exist.  It 

follows  that  head  waves  will  he  observed  only  ^ - 

of  focus  of  perturbation  which  exceed 

x0  =  2h  tg  112  ^ 

where  h  is  the  distance  between  the  line  of  observation  and 
the  limit  of  division 

il2  “  arc  sin  ~t|  ^ 
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a-.  and  a2  are  the  velocities  of  longitudinal  seismic  waves 
in  the  upper  (ax)  and  the  lower  (a2)  half-spaces. 

Let  us  call  the  angle  ix2  the  critical  angle  instead 
of  the  term  “the  angle  of  complete  internal  reflection", 
which  clearly  does  not  correspond  to  the  physical  essence 
of  the  Phenomenon „ 

for  formation  of  head  waves,  aside  from  the  condition 
a2  >  al»  It  is  essential  that  the  source  of  oscillations  is 
appoint  source  which  induces  the  spherical  waves. 

•  Upon  incidence  of  plane  waves  on  the  boundary  of  divi¬ 

sion,  the  detachment  of  the  fronts  would  not  take  place  and, 
corresponding  to  this,  the  frontal  wave  could  not  occur. 

Interchange  Refracted  Waves.  In  case  of  one  boundary 
line,  aside  from  purely  longitudinal  Py21  an<^  purely  trans¬ 
verse  Si2x  refracted  (frontal)  waves,  six  types  of  inter¬ 
change  (longitudinal -transverse)  refracted  waves  may  exist: 
PypSy,  pls2pl>  SxP21,Sx2?l,  SxP2Si  and  PyS21  AV*  Kinematic 


Pig.  2.  The  formation  of  frontal  waves  in  case  of 
flat  boundary  of  division.  Py  -  direct  wave  (in  medium 
I):  Pyx  -  reflected  wave  (in  medium  I);  Py2  "  refrac¬ 
ted  wave  (in  medium  II);  ?X21  “  frontal  wave  (in  me¬ 
dium  I);  the  region  of  existence  of  frontal  waves  is 
crosshatehed:  ay  aud  a2  -  the  velocities  of  waves  in 
medium  I  and  II;  B  -  source  of  waves;  B*  -  mirror  1- 
mage  of  the  source;  IT  -  normal  to  the  border  line  of 
division;  the  critical  angle  is  ly2  =  arc  sin 

a2 


(i.e.,  those  based  on  the  laws  of  geometric  seismics)  condi¬ 
tions  of  existence  of  all  eight  types  of  waves  are  cited  in 

Table  1. 
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Table  1 


Tyne  of  Wave 

Condition. 

fJX£l  f  I12S1>  S1^21 

a  P  >  a  y 

Pi*  ^21 i  S12Pi,  pls2^1 

bp  >  ax 

SlPpSl 

&2  >  bx 

S121 

b2  >bl 

f  longitudinal  and  transverse 

waves «  resp ectiv ely . 


The  limits  of  the  areas  of  existence  in  each  concrete 
case  mar  be  easily  determined  from  the  values  of  critical 
angles  and  from  the  position  of  the  oscillation  source  in 

respect  to  the  boundary  of  division.  ,  , *  ,  j. 

Among  the  enumerated  waves,  as  i  ^  Wa.il  be  tol^  in  de 
tail  further  or,  the  purely  longitudinal  refracted  waves 
Ihox  have  the  basic  significance  in  investigations  wi  -n  the 

Refracted  waves  in  case  of . 

rH  vision  “Shove,  "we“"dis  cusse  d  wavesconnected  with^tne  Plane 
boundafv  of  division.  The  picture  changes  in  principle  in 
ofythe  boundary  if  division  assumes  concave  or  convex 
fori,  in  the  first  case,  the  frontal  wave  will  be  replaced 
with  a  wave  which  experiences  diffraction  not  onxj  at  the 
boundary  of  division,  but  also  underneath  it  (*ig.  >)• 
the  second  case,  the  frontal  wave  will  be  replaced  with  the 
simple  passing  refracted  (more  accurately,  twice  refracted) 

>a6‘  jr,  +,he  change  of  the  curvature  of  the  boundary  of  di¬ 
vision,  there  will' exist  an  uninterrupted  transition  from 
wave?  of  one  type  to  waves  of  another  type. 

There  are  no  experimental  data  up  till  now  wh^eh  wouud 
allow  to  speak  of  some  essential  differences  In  the  icr|  of 
0ei*'n strong  and  intensity  of  waves  of  thee  three  uypea. 

y-n  other  tvpes  of  the  irregularity  of  the  boundary  of 
niv'-  ^  on  diffracted  waves  of  still  more  sharply  defined  types 
11-  exist  Especially  important  for  seismic  investigations 
?s?  the  caie  of  a  step,  when  diffraction  from  the  corner  is 
observed  "  The  waves  which  aria  in  this  case.,  according  -o 
their  intensity  and  form  of  hodograph  differ  sharply  from  the 
waves  of  other  types. 


Tir 


simplest  case  of  geological  structure  h  .s  always. 


of  refracted  waves  in  layered  medium*  I®- 
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Pig.  3.  The  manifestations  of  diffraction  in  the 
case  of  concave  separation  boundary.  Pig  -  refract 
ted  wave  in  medium  II;  PiP£  -  diffracted  wave  in 
medium  II;  Pi?£Pi  -  frontal  wave  in  medium  I  compli¬ 
cated  by  the  manifestations  of  diffraction  In  medium 
II. 


necessary  to  bear  In  mind  the  existence,  aside  from  the  boun¬ 
dary  of  division  which  is  under  study,  also  the  free  surface 
-  surface  of  the  Earth.  In  this  case,  the  types  of  frontal 
waves  will  remain  the  same  as  before,  but  to  them  waves  will 
be  added  that  could  be  called  refracted-reflected.  Field  ma¬ 
terials  of  seismic  investigations,  as  well  as  experiments  of 
modelling  of  seismic  waves, point  to  the  possibility  of  exis¬ 
tence  first  of  all  of  purely  longitudinal  refracted-reflected 
wave;  furthermore,  the  reflection  may  take  place  in  the  zone 
of  the  source,  as  well  as  in  the  zone  of  the  receiver  of  os¬ 
cillations  (Pig.  4).  In  the  case  of  horizontal  boundary  of 
division,  both  these  waves  coincide  with  respect  to  time,  and 
condition  the  appearance  of  one  wave  of  double  the  amplitude. 

On  the  basis  of  kinematic  considerations,  it  could  be 
possible  to  assume  that  the  number  of  types  of  waves  increases 


previous  page)  The  investigation  of  this  problem  is  made 
difficult  because,  in  practice,  one  deals,  for  the  most  part, 
with  refracted  waves  connected  with  the  thin  layers.  Since, 
in  this,  the  waves  "glide"  along  the  boundaries  of  division, 
It  is  immaterial  whether  the  boundaries  of  division  will  be 
concave  or  convex:  in  both  cases,  the  type  of  waves  will  re¬ 
main  the  same. 


4  The  oath  of  reflected-refracted  waves.  0389  * 

path  oi  sSplfrlfracted  (head)  wave.  U2*89j££  of 

reflected-refracted  wave:  035679  -  path,  of  refracted 
reflected  wave. 


v  If  ther°  will  he  not  one.  but  several  boundaries  of 
unS?  the  free  surface.  For  example,  in  the  case 
nf  two  parallel  flat  boundaries  of  divlsin,  the  maximum  num 
iiy.  eS:  kinematically  possible  refracted  waves  is  determined 
h-vr* eiffht  tvnes  of  waves,  connected  with  the  first  boundary 
,0f  lilisioru  and  32  types  of  waves  connected  with  the  second 
of  division.  The  addition  of  the  third  boundary  of 
division  may  increase  the  number  of  types  of  refracted  wa.e 

still  bj nXact uaiity,  such  an  abundance  of  wave  types  is  not 
observed?  Of the  feole  multiplicity  of  possible  refracted 
waves ,  the  purely  longitudinal  refracted  waves, 
of  types  Fi21>  Fl2321*  ©to.,  „ahically  remal  , 

. 7  foil  owl 


nee  ted  -with  the 


flng  causes: 


1)  the  foregoing  maximum  number  of  types  of  refracted  wa- 
rea  ill?  b.  Magically  possible  only  In  that  ««  If  the 
velocity  of  transverse  waves  in  each  subsequent  layer  is  1  r 
ier  than  ?he  velocity  of  longitudinal  «jres  In  the  ] ^weeding 
(above)  layer.  Assuming  approximately  the 
sf  longitudinal  and  transverse  waves  to  be  aqjaito  -wo,  i* 

Ls  possible  to  say  that  the  .kinematic  conditions  of  the  exls 

tence  of  all  types  of  refracted  waves  will  oe layer 
vdocitv  of  longitudinal  waves  in  each  saosequent  layer 

Sll  £ £rge? ttan'tto  velocity  In  the 

or  more  In  practice,  such  sharp  velocity  dlf*eren 
tiation  is  fo -and  very  rarely,  which  greatly  reduces  the  num¬ 
ber  of  wave  types  usually  observed  on  seismogram.,, 

p)  noon  excitation  of  oscillations  by  means  of  explosion, 
mainlv  longitudinal  waves  originate  which  allows  to  exclude 
from  examination  those  types  of  waves  whose  symbols  start 

with  the  letter  S; 


11 


"*>)  in  actual  geological  conditions,  in  view  of  cosidera- 
ble  gradient  of  velocity,  the  seismic  rays  at  the  surface  of 
the  earth  have  an  almost  vertical  direction.  Due  to  this, 
the  vertical  seismographs  react  for  the  most  on°those 

tudinal  waves,  what  allows  to  «°^e  e?tSY 
wave  types  in  whose  symbols  end  with  the  letter  b, 

4)  the  conditions  of  refraction  at  the  dha boun- 

daries  of  division  are  not  favorable  for  formation  of  luter 

change  _  longitudinc-transverse  refracted  waves.  As  fol- 

lows^ from  the  examination  of  examples,  computed  *° 

the  known  formulas  of  reflection  and  refraction  of  plane  • wa 
ves,  the  intensity  of  interchange  refracted  wave  is  small  in 
comparison  to  the  intensity  of  homogenous  (purely  long! tudi- 

nalPor  purely  transverse)  refracted  wave, 

when  the  velocity  of  seismic  waves  on  both  sides  of  the 

boundary  of  division  are  not  sharply  Jlff  in-* 

other  Thusl  the  energy  conditions  of  refraction  at  the  Jn 
tSSiliStairl*  8  division  also  decrease  sharply  the 
number  of  waves  which  may  be  observed  in  practice. 

Aside  from  the  four  groups  of  causes  cited  *®r® *  *l.*s 

possible  that  some  other  causes,  for  example  { 5*®a*!J  a?!?iP 
+i  tmnnverse  waves  as  compared  with  the  longitudinal 

:ies,  an%quluy  serloSs  algniflcanoe.  Together  wit* 

this  it  is  not  possible  to  guarantee  a  total  absence  on  seis 
nograms  of  some  t?pee  of  intlrohange  refracted  waves. 

The  interchangeable  refracted  waves  in  “^^ority  of  the 
cases  are,  probably,  obscured  by  the  purely  longitudinal  re 
fracted  waves;  however,  under  conditions  from^he* 

(for  example,  when  the  interchange  wave  is  !  of 

basic  longitudinal  refracted  wave  by  a  sufficient  01 

time,  and6 when,  on  the  lnterc^nge  waves  Other^longitudi  l 

refracted  waves  are  not  superimposed),  ™  Satyrehange  rsmv 
ted  waves,  generally  speaking,  may  for“  !£ff*°*®n^y^erpre.. 
phases.  This  circumstance  requires  special  ?®r® 
tation  of  weak  phases  after  the  arrival  of  the  intense  ones. 

The  basic  conclusion  is  in  that  the  ,jTfn9VerJ®  aa? 
terehange  refracted  waves,  under  usual  conditions  of 
tion  and  registration  of  seismic  waves,  must  possess  conside¬ 
rably  smaller  intensity  than  the  purely  longitudinal 
ed  waves.  This  is  confirmed  by  the  experimental  mawerlals, 
in  practice,  transverse  and  interchange  waves  are  found  extre¬ 
mely  rarely. 

Refracted  Haves  MlSk  OorEesppnj  12  "gh^pl^ed”  Bpu^te- 
rles,  Above  types  of  waves  were  examined,  ^eexletence  of 
fetch  follows  from  the  laws  of  geometric  seismics  U.e., 

?rom  kife^Uo  oSndltlone).  It  was  pointed  out  elmultaueous- 


that  not  all  kinematically  possible  waves  have  a  sufficient 

Intensity.  •••■  ,  '  .  .  _ 

Another  que  tion  may  be  put  forward:  if  one  considers 

the  wave  nature  of  the  phenomenon,  the  comparability  of  the 
lengths  of  seismic  waves  with  the  dimensions  of  geologic  for¬ 
mations  (for  example,  with  the  thickness  of  layers;  is  it 
not  reasonable  to  expect  then  the  appearance  of  some  new  wa¬ 
ves,  “unforeseen*1  by  the  geometric  selsmlcs  or  forbidden  by 
it. 

Already,  the  first  works  on  the  CMRW  has  led  in  this 
respect  to  interesting  practical  conclusions  /16/ .  Previous¬ 
ly,  proceeding  from  the  laws  of  geometric  seismics,  the  exis¬ 
tence  of  refracted  waves,  connected  with  some  definite  boun¬ 
dary,  was  considered  impossible,  if  at  least  one  of  the  lay¬ 
ers  located  above  the  boundary  (independently  of  its  thick¬ 
ness)  poseeses  greater  velocity  of  seismic  waves. 

Such  boundaries  of  division,  according  to  the  laws  of 
geometric  selsmlcs,  must  be  shielded. 

Experiments  with  the  CMRW  showed  that  the  refracted  wa¬ 
ves  of  the  given  type,  if  the  thickness  of  shielding  layer 
does  not  exceed  half  of  the  length  of  wave,  not  only  exist  but 
are  frequently  characterized  by  greater  intensity  and  may  be 

utilized  for  prospecting  aims.  .  . 

Analysis  and  generalization  of  materials  collected  in 
prospecting  on  CMRW  on  shielding  action  of  layers  of  different 
capacity,  depending  on  the  velocity  characteristics  of  medium 
and  length  of  seismic  waves,  was  conducted  in  reference  /10/. 


2.  The  Intensity  of  Refracted  Waves. 


The  Correlation  of  Intensity  of  Refracted  and  Reflected. 
Waves.  The  reflecting  boundary  is  not  always  a  refracting  one. 
For  example,  on  the  surface  of  a  layer  which  posesses  a  small¬ 
er  velocity  of  seismic  waves  than  the  medium  which  covers  it, 
head  waves  will  not  form  but  only  the  reflection  of  seismic 
waves  will  take  place. 

Inversely,  the  refracting  border  also  is  not  always  re¬ 
flecting.  For  example,  "rough”  surface  of  the  division  will 
not  give  correct  reflections  but  will  only  disseminate  the  se¬ 
ismic  waves;  together  with  this,  the  same  surface  may  condi¬ 
tion  the  appearance  of  regular  refracted  (frontal)  waves. 

Thus,  the  ratio  of  Intensities  of  refracted  and  reflec¬ 
ted  waves  may  be  equal  to  zero  as  well  as  to  Infinity. 

Let  us  pause  on  an  especially  interesting  case  when  the 
seismic  boundary  is  simultaneously  refracting  and  reflecting. 

As  it  is  known,  hodograph  of  refracted  waves  at  its  i- 
nitial  point  touches  the  hodograph  of  reflected  weaves  which 
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belong  to  the  same  boundary  of  division.  Thxms  Defer®  the 
initial  point,  l.e.,  closer  to  the  point  of  explosion,  pro¬ 
ceeding  from  the  laws  of  geometric  seism! os ,  only  reflected 
waTes  should  exist.  Experimental  field  data  confirms  this. 

After  the  initial  point,  i.e. »  farther  from  tne  po-Jit 
of  explosion,  proceeding  from  the  same  laws*. .in®  wet®s 

both  types  should  exist.  „  ..  , 

However s  as  the  experiment  of  the  GMBM  utilisation  in 
various  regions  of  USSR  and  under  various  conditions  demons¬ 
trates,  the  reflected  waves  behind  the  initial  point,  as  a 
rule,’  are  not  observed,  and  only  refracted  waves  are  regis¬ 
tered.  Exceptions  from,  this  general  rule  were  noted  in 
field  observations  only  in  very  rare  cases  /53/» 

Just  the  same*  the  possibility  of  observing  the  re¬ 
flected  waves  after  the  initial,  point  is  not  -excluded  in  ^ 
principle.  Except  .for  rare  an.d  for  the  most  part  unclear 
cases  of  field  observations  of  reflected  waves  in  this  area, 
this  is  confirmed  by  laboratory  experiments  fo/  on  mo  am  of 
stratified  media  with  sharply,  differentiated  densities  ana 
velocities  in  separate  layers,  when  the  reflections  in  -«hxs 

In  the  last  works  of  6*  I.  Petrashon'  /W  and  fi.  h 
2vol inskiy  /39?s  devoted  to-  .the  dynamic  theory  of  frontal  wa¬ 
ves,  It  is  shown  that  after  the  Initial  point  one  migut 
really  expect  the  prevalence  in  intensity  of  ref rac  sec*,  .waves 

over  the  reflected  waves,  * * 

In  some  cases,  the  phase©  of  reflected  waves  a©  u 
without  interruption  pass  over  Into  the  phases  of  ref rac wed 
wave©  without  any  essential  changes  in  form  and  intensity 

of  oscillations.  v,  . 

In  other  cases,  In  the  transition  zone  a  noticeable  In¬ 
crease  of  amplitudes  is  observed  which  points out  that  the  *- 
nitlal  point" of  hodograph  of  refracted  waves  has  a  dynamic 

£?  v  *t  ^  jL  C SLY*  f* 

8ub«iW.<>x  i»^ny  tf 

tancs.  Proceeding  from  tae  theoretic  wo*ks  ©a  L.  k* 
hovskikh  and  1,  I.  Petrashen* ,  in  the  case  of  one  flat  2°““' 
dary  of  division  in  ideally  clastic  meaium,  the  amplitudes 
of  head  waves  should  subside 'in  inverse  proportxw to  the  squa¬ 
re  of  distance  (in  first  approach).  ■ 

por  more  complex  cases  of  medium  formation,  theoretic 
computations  are  lacking.  Experimental  data  pojaj  .0U“4  tha t 
in  many  cases  the  decrease  of  the  amplitude  with  t^e 
tance  in  real  geologic  media  .may  be  expressed  by  the  formula 
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where  n  varies  within  the  limits  of  from  1  to  2/8/.  fhe 
appearance  of  exponential  coefficient  e“k  may  be  connecwed^ 

«4  ftj  fhfr  P  ‘bSCt’B'fci  OH  of  gl&StiO  WS,¥§B*  C&S0*  %Zl%  CO 

efficients  is^proportional  to  the  frequency  of  elastic  wa» 

The  fact  that  the  degree  of  attenuation  of  refracted 

waves  with  distance,  as  practice  shows,  does  not  impose  It” 

¥<£?  1  55  ft 


taut  for  the  development  of  the  omkwv  .  . 

mj{  fu,  this  1 1  is  necessary  to  note  that  the  need  In 
r-rosnectine  with* the  CHEW  to  conduct  seismic  observations  at 
SSSnceMIhe  point  of  explosion  greater  than  in  proj; 
oeetlng  according  to  the  method  of  reflected  waves  (la 
depth  of  prospecting)  forces  to: 

a)  use  the  equipment  >*ldi  posejses  greater  seMltl^it-y 
than  the  equipment  of  the  method  of  reflected  wa , as , 

v\  to  keen  strictly  the  eonditims  of  quiet  on  the  profile 
avowing  th?p?Stalty  of  disturbance  sources,  such  act  sort- 
ing  drill  holes,  highways,  inhabited  places,  *-*0*  * 

c*  to  select  the  most  effective  conditions  of  oscillation 
excitation  (explosions  in  drill  holes,  in.  reservoirs). 

Ttaft  Case  of  &  Thin  Layer,  for  a  thin  layer  J f^espeet 
ft  the  lftnFth  o IPlThe  wave), '  the  law  of  subsiding  of  intensity 
of  head  waves  with  the  distance  may  be  formally  expressed  by 
r ^ans  of  the  same  formula  (3).  However »  the  physical  ®ls 

the  coefficient  k  may  be  a  different  one.  In  the 
p-^ven'easp  "the  anpearance  of  the  exponential  term  may  be  eon 
Soiled  aot’oS)  2S  the  absorption  of  clastic  wro.  but  aloe 
with  radiation  from  the  layer  into  the  medium.  Ah-n 

k  ~  kq  +  &2* 

where  ki  is  a  term  which  depends  only  on  absorption  and  is 
proportional  to  the  frequency  of  elastic  waves,  ana  *2 -i-  » 
term,  which  depends  only  on  radiation* 


»fhe  experiments  in  depth  seismic  probing  of  the  earth's 
cruet,  performed  by  the  Geophysical  Institute  Ab  SSE  lh 
1049  and  1950,  established  the  possiollitj  of  study  o~  re 
fraettag  boundaries  which  are  located  at. the  depth  of  se- 
veral  tens  of  kilometers. 


15 


For  one  boundary  of  division,  which  Is  equival  ent  bo 
the  layer  of  very  great  thickness,  kg  =  0.  On  the  basis  01 
experimental  data,  it  Is  possible  to  consider  that  for  the 
thin  layer  of  the  given  thickness  kg  will  berths  greater,  the 
smaller  is  the  frequency  of  elastic  waves  /&/. 

In  correspondence  with  this,  the  function  &■{  tA/  }  m<>y 
have  minimum,  i.e.,  there  may  be  a  certain  optimum  frequency 
in  which  the  head  waves  may  experience  the  smallest  decrease 
with  the  distance.  This  optimum  frequency  will  be  different 
for  layers  of  different  thickness  and  different  matter  com¬ 
position  (See  3).  ... 

The  intensity  of  refracted  wave  connected  wxtn  a  uhin 

layer  is  the  smaller  the  smaller  is  the  ratio  d/X  **  tlle 
thickness  of  the  layer  to  the  length  of  the  wave.  However, 
very  thin  layers  may  still  be  noticed.  In  &/\  =  0,1  l  in 
some  cases  even  smaller)  the  refracted  waves  which  corres¬ 
pond  to  these  thin  layers  may  be  isolated  on  seismograms  ^ 
/IQ/  pus  to  this,  clear  refracting  boundaries  are  trequsnt- 
ly  discovered  there  where,  on.  the  basis  of  the  method  of  re¬ 
flected  waves  data  and  even  on  the  basis  of  seismic  coring 
measurements,  the  medium  appears  to  be  almost  homogeneous 
/21  / . 

The  Effects  q£  Abnormally  Strong . Xading^lL&efraeted, 

Waves.  The  following  wave  picture  is  frequently  observed. 

At  some  distance  from  the  point  of  explosion  in  tnein.xtj.al 
part  of  seismogram,  there  are  two  groups  of  waves  (A  ana  B) , 
approximately  equal  in  intensity  and  close  to  each  other  in 
apparent  velocities.  In  increase  of  the  distance  from  tne 
point  of  explosion,  such  fast  fading  of  waves  A  takes  P-j-ace 
that  they  become  barely  noticeable  on  seismograms,  at  tne 
time  when  waves  B  posesss  as  before,  sufficient,  intensity. 

Upon  further  increase  of  the  distance,  waves  A  di~ 
s appear  on  seismograms  for  ail  practical  purposes.  The  im¬ 
pression  is  being  created  that  the  first  entry  is  formed  al¬ 
ready  by  waves  B,  even  if  actually  waves  A  exist  as  before 
and  proceed  waves  B,  This  is  often  successfully  proven^  y 
means  of  an  extremely  strong  explosion  which  allows  to  uri- 
ve  out”  the  weak  preliminary  phases  which  belong  to  waves  a. 
If  still  greater  distances  from  the  point  of  explosion  are 
taken,  then  waves  A  disappear  completely  on  the  seismograms 
despite  the  utilisation  of  still  stronger  explosions.  The 
disappearance  of  waves  A,  as  the  analysis  of  observation  re¬ 
sults  and  the  comparison  with  teological  data  show,  cannot 
be  attributed  to  the  disappearance  of  the  refracting  boun¬ 
dary  connected  with  wave  A,  out  only  to  the  abnormally  gT@  » 

fading  of  waves  A.  ,  ,  ,  .  .  _  „ 

Numerous  replacements  of  waves  which  appear  to  be  a 
part  of  the  area  of  first  entries  are  frequently  observed; 
furthermore,  this  replacement  of  waves  is  not  explained  by 
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the  fact  that  the  waves  overtake  each  other  hut  by  the 
fects  of  abnormally  strong  fading, 

The  manifestation  of  abnormally  strong 
'be  explained  by  the  abnormally  large  absorption  _  of 
waves  in  separate  cases »  since  this  phenomenon  is 
observed  in  the  layers  which  are  characterised  by 


B  cannot 
el&s tic 
ireouentli 


ab» 


sorption.  „  J1.  ,  .. 

Here,  the  main  role  is  played  not  by  tne  absorption 
of  elastic  waves  in  separate  oases,  since  this  phenomenon  is 
f*!ff®QU6Il'feXy  obS ©2TT3&  &&  tdi0  Wllicll  BX*&  Qh.B>T&C 

small  absorption.  Here,  the  main  role  is  played  not  by  the 
absorption  of  elastic  waves,  but  by  their  r&dihtinn  from  the 
Xaver  into  the  surrounding  space.  The  described  manifesta*’ 
tion  may  be  basically  connected  with  the  small  tnlckness  o,l 
the  refracting  layer  as  compared  with  the  length  of  the  wave. 
Besides,  other  factors  may  act  also,  such  as:  the  existence 
Is  the  refracting  layer  of  the  vertical  gradient  of  velocity » 
the  peculiarities  of  the  form  of  surfaces  which  circumscribe 
the  refracting  layer  and  some  others. 

T-p  phase  correlation  of  refracted  waves  is  not 
zed,  than, *  owing  to  the  effects  of  wave  fading,  serious  er¬ 
rors  m&r  arise  in  the  plotting  of  the  holographs  and,  cor¬ 
respondingly  ,  in  the  geological  interpretation  of  observa¬ 
tion  results.  It  Is  necessary  to  conduct  the  phase  correla¬ 
tion  of  refracted  waves,  the  first  ones,  as  well  as  the  sub¬ 
sequent  ones,  even  in  those  cases  when,  for  construction  of 
eras section,  it  appears  possible  to  utilise  only  hodographs 

of  the  first  entries,  .  ■ 

Abnormally  strong  fading  of  waves  and,  corresponding¬ 
ly,  the  disappearance  of  the  first  entries,  deprive  the  old 
modification  of  the  method  of  refracted  waves  -  the  method 
of  first  entries  -  of  physical  definiteness. 

In  the  CMEW,  the  manifestations  of  abnormally  strong 
fading,  in  so  far  as  they  may  be  considered  differentia  ted, 
do  not  lead  to  the  errors  in  Interpretation  and  do  not  even 
limit  the  possibility  of  the  method.  On  the  contrary,  in 
some  cases  which  are  rather  frequently  met  in  practice, 
they  aid  in  the  study  of  the 'medium  formation  since  disap¬ 
pearance  of  one  wave  may  aid  the  tracing  of  others. 

The  Intensity  of  refracted 

correlation  of  velocities  of,  s e i sml o  wavgys.  This  problem 
Sag  not  vet  been  investigated  theoretically .  It  is  possible 
to  only  point  out  that  in  V2/V1  the  intensity  of  re¬ 

fracted  waves  must  decrease  with  the  increase  of  vo/Vi  be¬ 
coming  0  In  V2/V1  )?!  and  V2  are  respectively  the  velo¬ 

cities  of  seismic  waves  in  upper  and  lower  medium). 

Indeed,  when  V2A1  =  00  the  seismic  waves  will  not ^ 
penetrate  into  the  lower  medium  being  completely  reflected 
from  its  surface.  The  experimental  data  point  outp  appa¬ 
rently  ,  some  optimum  ration  V2/V1  exists  for.  which  the 


intensity  of  refracted  waves  Is  maximum. 

The  optimum  corresponds  to  relatively  small  differen¬ 
ces  in  velocities.  Of  important  practical  significance  is 
that  even  in  very  small  relative  difference  of  velocities, 
the  intensity  of  refracted  waves  is  sufficiently  large.  By 
means  of  the  CMRW  the  limits  may  be  discovered  at  which  the 
velocity  of  elastic  waves  increases  by  only  several  percent. 

The  dominating  refracted  waves.  In  contrast  to  waves 
which  are  subject  to  abnormally  great  fading,  it  is  necessa¬ 
ry  to  note  the  existence  of  refracted  waves  which  exceed  se¬ 
veral  times  in  intensity  other  waves  in  the  same  area  of  the 
seismogram  and  which  preserve  their  dominating  character 
over  considerable  segments  of  the  profile.  The  existence  of 
dominating  refracted  waves  is  a  very  favorable  factor  for 
prospecting  with  the  CMBW.  Due  to  their  Intensity  the  domi¬ 
nating  waves  are  not  subject. to  distortions  in  interference 
with  others  (non-dominating)  waves.  They  may  be  reliably 
be  followed  in  the  area  of  initial,  as  well  as  in  subsequent, 
entries,  in  some  cases,  the  correlation  of  phases  of  domi¬ 
nating  waves  Is  possible  even  in  the  presence  of  breaks  in 
the  profiles. 

Besides,  the  possibility  of  identification  of  these 
waves  in  disconnected  regions  of  observations  frequently  ap¬ 
pears  . 

The  presence  of  dominating  refracted  waves  in  the 
case  of  a  medium  which  contains  thin  layers  with  increased 
velocity  of  seismic  waves  may  be  connected  with  many  fac¬ 
tors,  such  as:  smaller  absorption  of  elastic  waves  in  the 
medium,,  which  corresponds  to  the  dominating  waves,  greater 
thickness  of  this  layer,  and  more  favorable  correlation  of 
velocities  as  compared  with  other  layers. 

The  Connection  Between  the  Intensity  of  Refracted 
haves  and  Peculiarities  of  the  Form  of .^Mf£ac tin£,_Bor d,gr s . 

In  the  simplest  case,  the  question  is  that  in  disappearance 
of  the  refracting  layer  together  with  it  disappears  the  head 
wave  connected  with  it. 

In  exploration  with  CMBW,  in  view  of  great  stability 
of  the  wave  picture  and  good  correlation  ability  of  the  waves 
at  great  range,  it  is  easy  to  notice  the  disappearance  of 
the  wave,  especially  if  it  is  brought  out  into  the  area  of 
first  entries.  In  area  survey,  it  is  possible  to  follow  on 
the  observation  surface  a  line  (rather,  a  strip)  that  sepa¬ 
rates  the  region  in  which  the  given  frontal  wave  exists  from 
the  region  where  it  does  not  exist*  In  this  way  (after  in¬ 
troduction  of  certain  corrections),  the  region  of  expansion 
of  the  layer  being  studied  may  be  determined  /18,  20/.  In 
other,  more  complex,  cases  (degree,  change  of  incline  of 
the  boundaries  of  division  etc.),  it  is  necessary  to  pay 
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attention  to  finer  peculiarities  of  rec ordtags 

It  is  necessary  to  note  that  in  the  m&x,ao a  ox  is 
, .4. ^c?  possible,  generally  speaking,  vO  formula *»e 
SSo^oua  piobieli.  Horevfr,  their  solution  ?U1  M  <>«».«- 
tea  with  somewhat  greater  diffiOultleB,  in  p^rticuiai, 

of  the  fact  that  the  study  of  intensity  ana  xoi« 
of  oscillations  will  hats  to  be  oondECtea  in  the  area  of  oub- 
senuent  entries  and  not  In  that  of  the  first.  ®* 
vi*  ■+*  Ar,  with  CMRW  Besides j,  the  study  of  tue  dynamic  -oi 
telaSoS  fi  the method  of  reflections  is  obstructed  by  the 
character  of  the  equipment  utilized  in  this  method  (theam- 
^inSle  regulator,  mixer,  sharp  frequency  characteristics } . 


The 


Form  of  Refracted  Waves 


The  Frequencies . oilefracMfeMf  **  JSf 

bion  of  ren^Hid^a^FTi  performed  mainly  in  uhe  xrequency 
interval  of  40  to  60  cycles.  Tinder  the  same  condition®  of 
Silken  and  reception  of  oscillations,  the_  refracted  (fron¬ 
tal)  waves  on  seismograms  near  to  the  initial  pointy  are  cha¬ 
racterised  by  only  somewhat  lower  frequencies  than  ref  1 A 
ir t  ,:r  yhe  decrease  of  frequency  may  be  explalnea  by  the 
Sctlhaf ftSt  at  th.  irant  of  the  frontal  wye  1.  1... 
gifca-np  than  at  the  front  of  the  reilectea  wave  /j.>, '  • 

At  distances  up  to  6  —  xO  km  from  the  point  ex 
plosion 'in  shot  holes  filled  with  water,  the  registration  ox 
rrf rac+pf)  vayes  may  he  conducted  at  frequencies  oi  30 

«oaeai0|  10  -  15 

to  decrease  significantly  the  frequency  of  oscillations 

being  registered^  t&d  Klth  tw0  causes.  First,  in  work 

at  larg*  distances  from  the  point  of  explosion,  It  is  necessa- 
to  perform  greater  explosions;  with  this,  tn.e  intensity  Ox 
primarily  low  frequency  components  of  osolllations  increase.. , 
i>o  intensity  of  high  frequency  components  also  incr^as^e,  ...at 
to^a  degree  insufficient  for  compensating  the  weakening  oi  e- 
nSr^  Sith  distance.  Secondly,  at  considerable  distances 
greater  absorption  of  high-frequency  oscillations  as  compared 

with  the  low-frequency,  becomes  significant.  distances 

Due  to  the  Indicated  reasons,  at  large  distances 

from  the  no  St  of  explosion,  the  registration  of  refracted  wa- 


C2f  n  r 
tS'  hy  V 


inducted  at  frequencies  of  20  —  ^0  cycle® 


i^^CTiriSeiits 'of  observations  with  low-frequency  seismic  e~ 
quipmenf,  developed  at  G EOF IAN  /Geopnys.  Inst.  Acad .  in 

cllhtlSblbelEg  registered  at  t/Cl* 
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On  the  contrary,  in  probings  at  small  depths,  when 
the  distances  between  the  points  of  explosion.  and  reception 
of  ebooks  are  small*  there  is  a  possibility  to  Inero&s®  the 
frequencies  of  oscillations  being  registered  even  is  compari¬ 
son  "with  those  frequencies  which  are  accepted  in  registration 
of  reflected  waves* 

More  detailed  study  of  refracted  waves  and  experi¬ 
ments  of  their  registration  In  various  ranges  of  frequencies* 
in  particular  by  means  of  wi de-band  equipment,  permitted  to 
determine  a  very  large  variety  of  the  spectrum  composition  of 
refracted  waves;  furthermore,  not  only  in  dependence  on  the 
distance  and  conditions  of  explosion  but  also  in  dependence  on 
the  character  of  refracting  layers* 

It  was  established  that  refracted  waves  which  belong 
to  different  layers  frequently  notices  t)X^r  differ  in  the  fre¬ 
quency  of  their  oscillations*  .  This  has  a  serious  significance 
for  the  method,  since  it  makes  easier  'the  isolation  and  corre¬ 
lation  of  refracted  waves,  as  well  as  their  correlation  to  the 
geological  boundaries. 

The  variety  of  the  frequency  spectrum  of  refracted 
waves  no tats  to  the  necessity,  in  probings  with  CHEW,  to  have 
the  eouipaent  which  permits  to  vary  the  frequencies  of  oscil¬ 
lations  being  registered  in  considerably  greater  limits  than 
in  uroblngs  with  the  method  of  reflected  waves. 

The  change  of  form  of  refracted  waves  with... distant o*. 

It 'was  pointed  out  above  that  in  increase  of  the  dis¬ 
tance  from  the  point  of  explosion  the  maximum  of  frequency 
spectrum  Is  displaced  to  the  side  of  low  frequencies.  However, 
if  one  does  not  strive  to  obtain  at  each  point  of  observation 
the  registration  of  maximum  Intensity  (in  given  conditions  of 
explosion) ,  then,  by  methods  of  frequency  filtration  it  is 
possible  to  obtain  that,  at  considerable  sections  of  the  pro- 
file,  the  predominant  frequencies  of  oscillations  on  seismo¬ 
grams  will  be  preserved  unchanged. 

Together  with  this,  despite  the  general  similarity  of 
the  form  of  oscillations  at  neighboring  seismograms,  the  de- 
crease  with  distance  of  the  sharpness  of  the  first  entry  and 
relative  decrease  of  amplitudes  of  first  deviations  are  obser¬ 
ved  as  a  rule.  This  may  be  basically  explained  by  the  fact 
that  high  frequency  components  of  oscillations  endure  greater 
absorption  than,  those  of  low  frequency  (the  coefficient  of  ab¬ 
sorption  of  elastic  waves  is  proportional  to  their  frequency;. 

The  decrease  of  intensity  of  high  frequencies  in  tbs 
frequency  spectrum  of  the.  wavs  will  lead  to  softening  of  the 
sharpness  of  its  entry;  Let  us  note  that  the  change  of  the  wa¬ 
ve  form  is  difficult  to  connect  with  the  manifestations  of 
dispersion,  since  for  longitudinal  -  elastic  waves  the  dispersion 
is  practically  absents 
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The  indicated  changes  of  the  form  In  overwhelming 
majority  of  the  cages  are  insignificant  and  do  not  obstruct 
•yjA  5  dontification  on • neighboring  registrations  of  not  only 
the  warns  as  s  whole  but  also  of  separate  oscillation©  in 
the  wave,  i.e. ,  do  not  obstruct  the  conducting  of  phase  oor- 
relation.  Ehie  statement  is  'based  on  the  following  experi¬ 
mentally  determined  property  of  he  do graphs  of  phases  of  re- 
frac ted* waves*  if  the  holographs  of  phases  refer  to  one  wave 
which  1©  not  distorted  by  other  waves,  then,  they  ar®  practi¬ 
ce  IX  v  parallel  to  each  other,  as  well  as  parallel  to  the  ho- 
dojeraph  of  initial  entries.  Tm  parallelism  is  preserved  in¬ 
dependently  of  those  changes  of  the  fora  which  were  noted  fey 

us  above «  .  .  , ,  „ 

This  property  of  hodographs  of  phases  is  the^proo* 
of  validity  of  phase  correlation  of  refracted  waves.  Simul¬ 
taneously/  from  here  follows  the  justification  of  applica¬ 
tion  of -methods  of  geometric  selsmics  to  the  interpretation  . 
of  hodographs  of  the  phases  of  refracted  waves. 

'The  direction  of  soil  dislocation  In^first.^ltry. 
la  the  case  of  a  purely  longitudinal  refracted  wave,  the  dis¬ 
location  of  soil  at  the  front  of  the  wave  in  its  approach^  co 
the  surface  of  the  Earth  must  be  directed  from  below  to  abo-? 
Ye  (what  corresponds  to  a  downward  motion  of  inert  mass  of 
seismograph) .  ' together  with  this,  on  seismograms ,  especially 
in  the  case  of  registration  of  seismic  waves  by  means  ^  of  high 
frequency  equipment  (for  example,  the  equipment  used  in  the 
method  of  reflected  waves),  s  so  to  speak  inversion  of  the 
phase  of  the  initial  deviation  with  removal  from  the  point  of 
explosion  is  frequently  observed. 

Sometimes,  the  impression  of  multiple  reversal  of 


the  sign  of  the  first  deviation  is  created- 


le  experiments 
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of  utils  satins,  of  stronger  explosions,  however,  enow  taat  ^.n 
actuality  the  directs  on'  of  roil  dislocation  at  the  first  en¬ 
try  is  preserve e  a  constant  and  corresponds  to  the  arrival 
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compression 


i&e  apparent  exchange  of  the  di* 


dislocation  is  explained  by  the  decrease  of  the 
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bottom  of  previous  page)  One  can  only  speak  of  quasi- 
iexrh  which  is  conditioned  by  the  stratification  of  me- 
latenoe  of  thin  layers  with  greater  velocity  of  seismic 
th«s  i»  the  enclosing  medium.  In  these  waves,  one  should 
that  short  waves  will  lead  the  long  ones  (abnormal'  disper* 
However,  the  character  of  the  observed  changes _ of  the 
the  wave  with  distance  allows  to  conclude  that  tne  main 
the  studied  manifestation  is  played  not  by  the  effects 
itrsian  (or  ’’quasi* *derperslon,f )  but  the  effects  of  so- 
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sharpness  of  the  initial  entry  and  stronger  fading  of  the 
first  phases  of  oscillations  as  compared  with  the  subsequent 
ones*  This  circumstance  should  be  always  kept  In  mind  in  de¬ 
termining  the  true  moment  of  the  first  entry  on  seismograms. 

The  Form  of  Oscillations  in  Mutual  Points.  The  study 
of  the  problem  of  observance  of  the  principle  of  reciprocity 
in  seismics  (13)  shows  that,  for  the  preservation  of  the  form 
of  oscillations  in  mutual  points,  the  following  conditions  are 
necessary: 

1)  the  spectrum  composition  of  the  perturbation  source  in 
mutual  points  must  be  the  same  (as  well  as  the  frequency  charac¬ 
teristics  of  the  equipment); 

2)  the  directivity  characteristics  of  the  source  in  the  mu¬ 
tual  point  must  be  the  same  as  the  previous  directivity  charac¬ 
teristics  of  the  receiver  of  oscillations  at  this  point; 

3)  the  directivity  characteristics  of  the  receiver  of  oscil¬ 
lations  at  the  mutual  point  must  be  the  same  as  the  previous 
directivity  characteristics  of  the  source. 

In  the  case  of  excitation  of  seismic  oscillations  by 
means  of  an  explosion,  and  their  registration  by  means  of  the 
vertical  seismograph,  the  conditions  of  sections  2  and  3  are 
known  not  to  be  fulfilled,  since  the  directivity  characteris¬ 
tics  of  the  source  and  receiver  of  oscillations  are  different. 

These  conditions  would  be.  fulfilled  by  exchanging 
of  the  usual  explosion  by  a  directed  source  of  oscillations* 
Therefore,  it  is  possible  to  expect  that  the  differences  la  the 
form  of  oscillations  in  mutual  points  under  usual  conditions  of 
the  explosion  will  not  be  greater  than  in  exchange  of  the  usual 
explosion  by  a  directed  source. 

In  the  majority  of  the  cases,  these  differences  will 
be  considerably  smaller.  For  example,  in  the  case  of  horlson- 
tal  stratification  It  becomes  altogether  unessential  what  are 
the  directivity  characteristics  of  the  source  and  receiver  of 
oscillations,  if  only  they  remain  unchanged  in  transition  from 
one  point  to  another.  The  basic  condition  of  observance  of  the 
principle  of  reciprocity  should  be  considered  to  be  condition 
1,  i.e.j  the  preservation  of  the  same  frequency  spectrum  of  os¬ 
cillations  in  change  of  place  of  explosion.  Experience  shows 
that  in  practice  in  majority  of  cases  It  Is  possible  to  reach 
successfully  completely  satisfactory  similarity  of  seismograms 
in  mutual  points. 

4.  Interference  Phenomena 


Under  interference  of  seismic  waves,  we  shall  under¬ 
stand 
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the  effects  obtained  as  a  result  of  the  adding  two  or  seve¬ 
ral,  seismic-  waves „  and  leading  to  the  distortion  of  tne  form 

and  amplitude  of  the  summed  waves  ns  well  as  of  their  p*i&se 


velooit: 


'me  conditions  of  interference  in  the  exploring 


ismiee  are  very  varied,  and  depend  on  many  factors,,  ho s t  ox 

them  may  be  divided  into  two  groups,  ...... 

fo  the  first  belong  the  factors  connected  with  the 
type  of  hodographs  of  interfering  waves  ,  for  example:  the  lo¬ 
cation  of  the  points  of  the  hodograph  intersections  as  well 
as  the  minimum  intervals  of  time  between  the  neighboring 

}*"*  0  rjj  i't  (g1  T j 0 

io  the  second  group  of  factors  belong  some  physical 
characteristics  of  the  waves,  such  as  the  periods  of  the  waives 
and  the  duration  of  the  oscillation  in  aach  wave,  the  correla¬ 
tions  of  the  intensities  of  the  waves  and  the  change  eu  these 

correlations  with  the  distance. 

The  interference  of  some  other  waves  wul  not  be  ■ 
observed  3n  that  case  when  holographs  of  entries  of  these  wa¬ 
ves  Vi  thin  the  limits  of  the  sector  of  observations  do  not  ap¬ 
proach  each  other  for  a  distance  which  is  smaller  than  the  du¬ 
ration  of  the  oscillations  In  -the  wave  with  the  smaller  ap¬ 
proach  time, 

But,  if  interference  takes  place,  then  it  might.. lead 
to  loss  of  the  phase  correlation  of  one  or  both  Interfering  wa¬ 
ves  or  even  to  the  impossibility  of  identification  of  the  waves 
before  and  after  the  zone  of  interference,  ' 

later  on,  we  shall  give  a  comparative  description  of 
the  role  of  interfering  noise  in  exploration  by  the  CMRW  and 
by  the  method  of  reflections. 

Hoise  Due  to  Surface  Waves . &M._. Air,.jfev -  Ia 

the  works  on  the  method  of  reflected  waves,  especially  acute  is 
the  problem  of  superimposition  of  surface  waves  on  the  reflec¬ 
ted  waves,  as  well  as  that-  of  sound  waves,  fhis  overcome  by 
means  of  frequency  filtration,  by  the  selection  methods  based 
on  the  directivity  of  the  waves  (and  shifts  in  the  wave},  as 
well  as  by  means  of  the  creation  of  special  conditions  of  ex- 
plosion. 

. .  In  the  CMRW,  no  noise  due  to  surface  and  sound  waves 

takes  place,  since  the  waves  of  the  given  types  anrive  conside¬ 
rably  later  than  the  refracted  waves.  In  connection  with  «nls, 
it  is  not  necessary  to  utilise  special  methods  of  overcoming^ 
the  surface  and  sound  waves.  This  has  a.  great  methodological 
significance*  since  it  frees  the  registration  of  refracted  wa¬ 
ves  from  those  limitations  which  are  peculiar  to  the  registra¬ 
tion  of  reflected  waves;  in  particular,  it  allows  to  conduce 
the  observations  in  a  wider  range  of  frequencies  (including  low 
freouencies)  and  it  gives  a  greater  freedom  In  respect  to  <he 
selection  of  the  conditions  of  explosion. 
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Interference  of  Refracted  Waves  with  Each  Other. 
Hodographs  of  refracted  waves,  even  in  the  simplest  cases  of 
medium  formation,  suffer  intersections.  The  number  of  points 
of  Intersection,  generally  speaking,  increases  faster  than 
the  number  of  refracting  boundaries. 

In  view  of  this,  with  the  appearances  of  interferen¬ 
ce  of  refracted  waves  with  each  other,  one  comes  across  this 
very  frequently  in  CMRW.  The  method  of  reflected  waves,  in 
this  respect,  is  in  a  somewhat  more  favorable  position.  In 
the  case  of  a  medium  which  is  characterized  by  plane-parallel 
stratification,  the  hodographs  of  entries  of  reflected  waves 
do  not  intersect  with  each  other.  The  Interference  of  reflec¬ 
ted  waves  in  this  case  is  connected  with  the  fact  that,  due  to 
a  large  number  of  reflecting  levels,  the  intervals  between 
neighboring  hodographs  become  smaller  than  the  duration  of  os¬ 
cillations  in  each  wave. 

In  more  complex  cases  of  medium  formation  (uncorre¬ 
lated  stratification  of  reflecting  boundaries,  discontinuous 
in  the  horizontal  direction,  etc.),  the  effects  of  interferen¬ 
ce  of  reflected  waves  may  have  a  very  complex  character. 

Returning  to  the  conditions  of  Interference  of  re¬ 
fracted  waves,  let  us  note  the  following: 

1)  The  physical  factors  of  interference  (mostly  the  corre¬ 
lation  of  intensity  of  waves)  frequently  facilitate  the  se¬ 
lection  of  sufficiently  extended  intervals  of  profile,  free  of 
the  interfering  influence,  of  the  effects  of  Interference;  in 
other  words,  physical  factors  frequently  relax  the  requirements 
for  the  selection  of  intervals  of  observation,  based  on  the  con¬ 
sideration  of  geometric  factors  (form  of  hodograph).  In  many 
cases,  the  phase  correlation  may  be  conducted  in  such  zones  whe¬ 
re,  on  the  basis  of  the  form  of  the  hodographs,  one  should  ex¬ 
pect  sharp  effects  of  self  superposition. 

For  example,  different  degrees  of  fading  of  two  re¬ 
fracted  waves  with  distance  might  cause  the  zone  of  intersection 
of  hodographs  of  these  waves  to  contain  in  practice  only  one 
wave  (the  one  which  posesses  smaller  fading).  As  an  other  ex¬ 
ample,  the  dominating  waves  (See  2}  may  serve,  the  tracing  of 
which  Involves  no  danger  of  interfering  noise. 

2)  The  interference  manifestations  are  easiest  to  note  and 
interpret  in  the  area  of  first  entries.  In  some  cases  in  this 
area  it  is  possible  to  conduct  the  phase  correlation  of  waves 
even  directly  in  the  interference  zone  Itself.  Especially  well 
noticeable  Is  the  exchange  of  waves  which  form  the  first  en¬ 
tries.  These  circumstances  make  the  area  of  first  entries  espe¬ 
cially  favorable  for  tracking  of  refracted  waves.  The  area  of 
"apparent  first  entries"  which  is  formed  in  fading  of  the  first 
group  of  refracted  waves  (See  2),  in  this  respect  is  equivalent 


24 


to  the  area  of  true  first  entries, 


•a)  t-/,  separate  cases,  the  interference  picture  is  weakly 
pronounced/  especially  .©hen  the  interfering  waves  have  cxose 
apparent  velocities.  Frequently,  as  if  a  gradual  *ransj. ■wou 
from  one  wave  to  another  is  observed,  furthermore, the  phases 
r«f  oscillations  are  tracked  without  obvious  signs  01  disrup¬ 
tion  of  phase  correlation.  In  imattentive  formal  approach  to 
correlation,  serious  errors  are  possible  In  these  cases.  54s 
remark,  however,  refers  also  to  the  method  of  reflected  m  ,  , 
where  frequently  It  is  necessary  to  deal  wita  unstable  miu 
c-l oselv 'placed  reflecting  horizons.  It  should  he  noted  thav 
0X0*01/  yxa  ..a  _  *eflections  the  discovery  of  hidden  interfe- 


in  TJi  -p>  Tfift'tM  n  d  0?  reiiwv  «/j.waj.o  ~~  - - 

ring  effects  the  discovery  of  an  interchange  of  waves  is  more 
difficult  than  with  the  OMKSf. 

.  Indeed,  in  the  CMEW  there  is  a  possibility  of  e^ec&~ 

in"  the  phase  correlation  by  means  of  overtaking  ho do graphs, 
th!  possibility  of  "leading  out**  of  the  tracked  wave  into  the 
Sea  of  initial  rotrles,  as  well  as  posalblllties  connected  with 
th°  change  of  frequency  spectrum  of  the  oscillations  be_ng  re- 
Sst^df  I1"  the  methid  of  reflections  the  means  of  overcoming 
|v, a  interference  manifestations  in  case  of  waves  which  have 
ol os ip parent  velocities,  one  is  limited  only  to  frequency  se- 
lection.  - 


ring  effects 
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CHAPTER  II 


Equipment  for  Correlation  Method  of  Infracted  Waves 

X*  The  requirements  disposed  on  Seisi^raceiviag  Equipment. 

As  shorn  in  the  proceeding  chapter,  oeisiaorcceiviag  equdpaent 
in  the  CMM  must  satisfy  several  additional  requirements  as  compared 
with,  the  req.uimwn.t8  set  forth  for  the  equipment  ia  the  method  of 
reflected  wave®. 

The  basic  requi  resents  required  from,  the  seismoreceivifig  " 
equipment  in  CMRW  my  be  briefly  summarised  ia  tbs  following  way. 

1*  In  order  to  have  the  possibility  to  improve  the  correlating 
ability  of  refracted  waves,  to  improve  the  resolution  of  recording, 
freeing  it  of  interfering  oscillations,  in  particular  of  aiieroseis®s., 
and  -to  increase  the  effective  sensitivity  of  seismoreceiving  channel, 
the  seismic  equipment  must  have  variable  filtration*  Besides,  since 
the  frequency  spectrum  of  refracted  waves,  which  correspond  to  the 
various  boundaries,  registered  on  the  one  and  the  same  seismogram, 
changes  usually  in  considerably  greater  limits  than  the  frequency 
spectrum  of  reflected  'waves,  then  filtration  ia  the  eqeipasat  for 
CMFS?  suet  change,  in,  considerably  broader  limits  than  the  filtration 
in  the  equipment  for-  the  method  of  reflected  waves*  The  number  of 
stages  of  filtration  must  be  sufficient  (not  less  than  four  or  five) 
for  that,  that  it  is  possible  to  realiae  the  frequency  filtration 
of  oscillations  within  'toe  limits  of  the  whole  working  band  of 
frequencies.  The  working  band  of  frequencies  in  work  with  CMW  is 
the  band  from  20  to  &0  cycles,  and  ia  exploration  of  mall  depths 
the  band  width  is  increased  to  8Q-1QG  cycle©. 

The  variable  filtration,  the  same  way  as  in  the  method  of 
reflected  waves,  ia  realised  by  means  of  introduction  of  filters  into 
the  amplifiers. 

2.  In  the  correlation  method,  as  in  the  method  of  reflected 
waves,  the  isolation  and  tracking  of  refracted  waves  are  based  on 
phase  correlation.  Tterafora  the  equipment  for  work  with  the  CM W 
must  be  identical  in  respect  to  frequency  and  phase  characteristics 
in  the  whole  working  range  of  frequencies.  This  requirement  must 
be  fulfilled  for  separate  Maks  of  the  channel  (seismographs,  ampli¬ 
fiers,  galvanometers)  as  well  as  for  the  channel  as  a  whole.  The 
relative  -temporary  phase  shift  for  channels ,  as  well  as  for  separate 
links  of  these  channels  should  sot  exceed  0.001  sec. 

3*  Ska  equipment  must  be  also  Identical  ia  respect  to  sen- 
sitivity.  The  relative  deviation  of  sensitivity  of  channels  and 
their  separate  links  should  not  exceed  5  -  10  percent.  The  fulfill¬ 
ment  of  this  requirement  allows,  ia  equal  measure,  to  calibrate  the 
seisaoreceiving  equipment  according  to  sensitivity  and  to  Introduce 
graded  calibrated  regulation  of  sensitivity  of  the  whole  channel 
by  means  of  its  change  ia  only  on®  link,  for  example,  in  the  ampli¬ 
fier.  If  the  records  are  produced  with  the  sensitivity  of  the 
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SS-24-48  to  permit  their  necessary  utilization  in  the  CHEW. 

In  connection  with  the  wide  introduction  of  the  correlation 
method  into  the  practice  of  seismological  engineering  work,  the  need 
arises  of  adapting  for  this  the  seismic  stations  of  the  type  EKhO-1 
and  SS-24-48,  manufactured  by  our  industry,  and  designed  for  work 
primarily  with  the  method  of  reflected  Waves. 

In  work  with  CMffi  it  is  sometimes  necessary  to  increase 
considerably  the  distances  between  the  point  of  explosion  and  the 
instruments.  Therefore  it  is  necessary  to  go  over  to  the  regis¬ 
tration  of  lower -frequency  oscillations  than  oscillations  which 
are  registered  in  the  method  of  reflected  waves  and  to  increase 
considerably  the  sensitivity  of  receiving  channels. 

In  order  to  adapt  the  mentioned  stations  for  work  with  the 
CMR&T  it  is  necessary  to  change  in  them  the  filtration,  widening 
it  on  the  side  of  lower  frequencies  and  to  increase  the  sensitivity 
of  seismorecelving  channels.  The  change  of  filtration  is  realized 
by  introduction  of  additional  low-frequency  characteristics,  and 
the  increase  of  sensitivity  -  by  the  increase  of  the  amplifier  gain. 
Besides,  in  the  stations  it  is  also  recommended  to  introduce  some 
other  alterations  and  measures  which  allow  to  simplify  the  conducting 
of  work  with  the  CMKV?  and  which  aid  in  increasing  the  quality  of 
obtained  field  materials.  The  indicated  alterations  in  the  stations 
EKhO-1  and  33-24-48  as  experience  of  the  work  of  the  Geophysical 
Institute  on  utilization  of  given  stations  for  work  with  the 
CMRtf  testifies,  are  rather  simply  realized  under  laboratory  condi¬ 
tions.  However,  the  basic  alterations  could  be  made  also  under 
field  conditions  by  the  personnel  of  the  seismic  group. 
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Fig.  5*  Frequency  characteristics  of  amplifier  of  the  seismic  station 

EKhO-1 


The  description  of  alterations  in  stations  SCHO-1  and  SS-24-48 
is  cited  below.  After  these  alterations  the  stations  my  be  sissul- 
tsnec'-’-rly  used  for  work  with  the  (MM  as  well  as  with  the  method  of 


refleete  &  waves  * 

A.  Sis  alterat: 


.a  the  seismic  station  Mho-1. 


of  frequencies  traasnaitted  by  the  filters  of  aarp.u.fiers  of  the  station 
EKhO-1  (see  characteristics  of  amplifiers  on  Fig.  5),  the  hand  width 
of  the  seisasoreceiving  channels,  as  well  as  their  sensitivity,  are 
all  acceptable  from  the  point  of  view  of  utilisation  of  the  given 
station  for  work  with  the  CMM  on  relatively  short  profiles,  of  the 
order  of  3  -  4  km  and  more.  The  dominating;  frequency  of  the  vaves^ 
registered  with  this  lies  usually  within  the  limits  of  3D  -  50  cycles. 

Thus,  in  work  on  relatively  short  profiles,  the  BKhO-1  stations 
may  be  used  for  work  with  CMESf  without  any  alterations.  For  this  only 
complete  switching  off  of  the  automatic  gain  control  (AGO)  and 
mixer,  as  well  as "introduction  of  small  alterations  and  measures, 
described  in  Sec.  3  of  this  chapter  are ' necessary. 

In  study  of  depth  foCTation,  in,  particular  in  investiga¬ 
tion  of  the  surface  of  deeply  embedded  crystalline  foundation,  etc, 
when  the  observations  hove  to  be  conducted  on  long  profiles  (of 
length  of  the  order  of  10  -  20  tea),  as  well  as  in  work  on  short 
■profiles  in  the  regions  with  especially  unfavorable  seismological 
formation  of  the  medium  (for  example,  in  strong  absorption)  and  in 
other  cases,  it  is  necessary  to  change  over  to  the  registration  of 
lower  frequency  oscillations  with  prevailing  frequencies  of 
10  -  20  cycles.  In  this  case  the  necessity  of  decreasing  the 
filtration  of  seismoreceiving  channels  and  to  increase  their  sensi¬ 


tivity  arises. 

The  decrease  of  filtration  is  realised  :  1}  by  means  of 
introduction  of  additional  low-frequency  characteristics  and  2)  by 
means  of  displacement  of  low-frequency  cut-off  at  all  nitrations 
•  of  the  amplifier  characteristics  towards  the  lower  frequencies. 

The  increase  of  sensitivity  is  realised  by  the  increase  of 
the  gain  of  the  amplifier  at.  the  expanse,  of  increase  of  the  anode 
voltage  and  at  the  expense  of  introduction  into  it  of  additional 


voltage  gain. 

The  introduction  of  low-frequency  characteristics. 

In  -the  low  frequency  filter  -of  the  amplifier,  whose  diagram 
is  shown  on  Fig.  6,  the  broadest  band  filtration  4  is  shifted  towards 
low  frequencies •'  This  allows  to  obtain  in  filtration  4  — 4  new 
resonance  characteristics  with  maximum  of  sensitivity  in  the  region 
of  14  -  15  cycles  and  with  band  width  from  1,0  -  12  to  l8  -  20 
cycles.  Ms  characteristics  is  shown  on  Fig.  7  dotted. 

By  solid  lines  on  the  same  figure  are  shown  the  highest  high- 
frequency  characteristics  1-3  one  of  the  intermediate  charac¬ 
teristics  4  -  1  of  the  amplifier  with  altered  filter. 

For  obtaining  the  new  characteristics,  shown  on  Fig.  7« 
the  following  changes  in  the  diagram  of  the  filter  of  low-frequency 
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Fig-,  6*  Magma  of  alterations  output  stage,  nev  third  voltage- 
gala  stag©,  of  altered  stage,  AGC,  and  low  frequsncy  filter  of 
the  ceisjslc  station  MhO«l. 
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characteristics  of  si* 
t  EEhO-1.  The  characteristics  of  the  am- 
altered  low  frequency  filter  is  shown 


by  a  dotted  line.  She  characteristics  of  amplifier  filtra¬ 
tion  4  -  4  with  altered  filter  of  low  frequency  after  ex¬ 
change  of  condenser  in  the  circuit  primary  winding  of  the 
output  transformer  is  shorn;  by  a  dotted  line.  The  inter- 
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coaling  condensed  with  capacity  of  Q.l  microfarad  included  into 
e  primary  winding  of  the  output  transformer  and  marked  on  the 
agrnm,  designated  0-224  on  rig.  6,  should  be  replaced  by  a 
r.denser  with  capacity  of  0.25  microfarad.  Sals  causes  broadening 
tbs?  relative  bandwidth  of  the  amplifier  on  all  filtrations  by 


cent  at  the  expense  of  increase  of  gain  at  low  frequen¬ 


ce  ;  for  example, 

"■-iii  f *-j r*  ii  ■j'.q  «* 

broken  dotted  2 


12  iov-frecuency  border  of  transiai'ssion  band  is 
frequency  characteristic  on  filtration  4-4 
cycles.  This  characteristic  is  shown  on  Fig.  7 


la  given  alterations  it  is  necessary  to  pay  particular  attention 
to  select  condensers  of  equal  capacities*  Eheir  difference  in  size 
should,  not  exceed  1-2  percent* 

After  modification  of  'the  low  frequency  filters  it  is  necessary 
to  chech  that  the  amplifiers  are  identical  at  altered  filtration  k  -  k 
and  in  case  of  need  to  make  the  amplifiers  identical, 

line  fact  that  the  amplifiers  are  identical  in  the  whole  working 
range  of  frequencies  can  be  checked  either  by  means  of  recording  of 
sinusoidal  oscillations  on  the  oscillogram,,  fed  srbmltaneously  by  the 
signal  generator  to  the  inputs  of  all.  amplifiers,  connected  in 
parallel,  or  by  using  the  lissajous  patterns. 

If  on  the  record  of  the  sinusoidal  oscillations,  token 
usually  over  intervals  of  5  -6  cycles  within  the  limits  of  the  band¬ 
width  of  the  given  filtration,  the  relative  time  shifts  of  the 
extrema  of  the  sinusoidal  oscillations  do  not  exceed  0*001  sec,  then 
the  identic! ty  of  amplifiers  is  satisfactory*  Ihere,  naturally,  the 
galvanometers  must  be  identical*  However,  if  the  relative  shifts 
for  separate  amplifiers  are  greater  than  0.001  sec.,  then,  in  the 
modified  filters  of  these  amplifiers  the  capacitance  should  be 
changed  in  such  a  way  that  the  relative  shifts  do  not  exceed  0,001 
sec. 

The  checking  of  icLenticity  of  amplifiers  by  iiss&jous  pat¬ 
terns  is  performed  in  the  following  manner.  A  voltage  of  a  given . 
fixed  frequency  is  fed  to  inputs  of  two  tested  amplifiers  from  the 
signal  generators,  Sie- output  of  one  generator  is  attached  to 
vertical  plates  and  output  of  the  other  to  horizontal  plates  of  the 
cathode  ray  oscillograph*  If  the  phase  shift  between  the  ampli¬ 
fiers,  A  f)0 }  is  equal  to  zero,  then  a  straight  line  will  be  observed 
on  the  screen  of  cathode  oscillograph.  If  the  phase  shift  in  not 
equal  to  zero,  then  an  ellipse  will  be  observed  on  the  screen.  The 
ratio  of  the  minor  axis  of  the  ellipse  B  to  the  major  axis  A  will 
characterize  the  size  of  the  shift  of  phases  A ,  2he  value  of  &  )r 
in  case  when  equal  voltages  are  fed  to  the  plates  of  oscillograph 
is  determined  from  the  following  formula? 

(S  °  =£  2  arc  tg  Jt  iS) 

In  order  for  the  temporary  phase  shift  not  to  exceed  0,001  sac.,  it  is 
necessary  that&/^0.36  t,  where  f  Is  the  frequency  of  introduced 
sinusoidal  oscillations,  Bae  determination  of  &f\s>  performed  within 
the  limits  of  the  whole  bandwidth  of  the  given  filtration  with 
intervals  of  5  -  10  cycles.  If  the  phase  shift  of  an  individual 
amplifier  exceeds  ’the  permissible  value  within  the  limits  of  the  given 
band  then  in  the  modified  filters  the^  capacities  should  be  changed, 
selecting  them  in  such  a  way  that  ^  O.56  f , 

After  checking  the  identicity  of  amplifiers  by  the  Lissajous 
patterns  a  control  oscillogram  should  also  be  taken  by  tbs  method 


described  above* 

Bte  testing  and  adjustment  of  other  links  of  seismoreceiving 
ecuiwaent  (seismographs,  galvanometers),  as  well  as  of  the  channel  as 
a  whole,  are  performed  in  the  usual  Manner* 

increase  of  gain  of  the  amplifiers,  Hie  gain  of  the  ampli¬ 
fiers  at  the  resonance  of  modified  filter  4  -  4  at  normal  plate 
voltages  is  eoual  to  50;  000  (94  db).  It  is  1.5  -  2  times  smaller 
than  at  filtrations  1  -  1,  2  -  2  and  3  -  3.  »>  increase^  the 

gain  at  filtration  4  -  4  to  70,000  (to  97  <&>)  at  otaer  nitra¬ 
tions  approximately  to  double  the  value,  the  plate  voltages  should 
be  increased  to  200  v. 

If  it  is  necessary  to  increase  considerably  the  gain  of  the 
amplifiers,  aa  additional  stage  voltage  amplification  should  be 
introduced.  This  is  done  without  adding  new  tubes  and  parts  to 
the  amplifier*.  Hie  triods  part  of  the  tube  6(7?  is  utilised  for 
this,  which  is  located  in  the  ACG  stage  which  is  disconnected  when 
working  with  'the  CM Bf,  as  well  as.  the  components  which  are  a  part 
of  this  stage*  The  connection  diagram  of  the  triode  part  of  the 
tube  6G7  used  as  an  voltage  amplifier  is  shown  in  Fig.  6*  IMa 
stage  is  included  in  the  amplifier  as  an  intermediate  third  stage 
past  the  low  frequency  filter.  This  stage  increases  gain  of  the 
amplifier  by  15  -  20  times  when  the  plate  voltage  is  increased  to 

200  V  a  . 

However,  such  a  large  gain  is  used  in  very  rare  cases. 
Therefore  the  total  gain  of  the  amplifier  should  be  lirndtod  to  the 
value  of  the  order  150  -  500  thousand.  Ms  is  done  with  poten¬ 
tiometer  connected,  in  tlae  grid  circuit  of  the  6(5?  tube  (R-2I2  in 
K,g*  6}  and  located  on  t fee  front  panel  of  the  amplifier  under  the 
slot-  After  the  modification,  the  stability  of  the  amplifiers 


remains  practically  the  same. 

To  connect  the  additional  stage  of  amplification  (alteren. 
ACS  stage)  it  is  expedient  to  add  to  -the  amplifier  a  special  switch 
•which,  simultaneously  with  switching  on  of  amplifying  stage, 
connects  the  suppressor  grid  of  tube  6BJ?  to  the  cathode. 

Bills,  all  recommended  alterations  i»  the  station  do  bo^ 

change  its  basic  working  fi Iterations  1  -  1,  ?-  “  2,  3  -  3,  ~  “  ! 
aad  3  -  4*  nor  do  they  disturb  the  ideaticity  of  amplifiers  at  une 

indicated  filtration^*  Has  stations  EKii0"ii;^Ji^a;LG^d, I*” 
tions  my  be  simultaneously  used  for  work  with  QMM  as  wexl  &■--  for 
work  with  the  method  of  reflected  waves*  „ 

In  addition  to  asking  the  above  alterations  in  sChO-1 
stations,  it  is  expedient  to  incorporate  in  them  also  the  altera¬ 
tions  described  in  Sec.  5  of  this  chapter* 

B*  Alterations  la  seismic  station  SS-24-48*  Hus  seismic 
station  is  designed  for  registration  of  Mgaer-irequency  oscil¬ 
lations  than  stations  KHh0-l.  As  it  is  seen  from  the  examination 
of  characteristics  of  amplifiers  of  the  station  SS-24-46,  shown 
in.  Fig*  8  as  weld,  as  in  fable  2,  the  bandwidth  of  the  amplifiers 
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Fig,  8.  The  frequency  characteristics  of  the  amplifier  of 
the  seismic  station  SS-24-48. 

is  somewhat  smaller  than  in  the  amplifiers  of  the  Station  EIChO-1. 

For  example ,  at  the  lowest  frequency  filtration  1,  it  accounts  to 
only  JC  percent.  The  sensitivity  of  seiamoreceivlng  channels  of 
this  station  is  also  small.  Hie ref ore,  in  order  to  adapt  it  for 
work  with  CMBW  it  is  necessary  to  introduce  into  the  amplifiers 
of  the  station  additional  low-frequency  characteristics,  to 
increase  the  bandwidth  of  the  amplifiers  at  the  existing  filtrations 
and  to  increase  the  gain  of  the  amplifiers. 

Besides,  it  is  necessary  to  introduce  into  stations  additional 
devices,  which  assure  fast  regulation,  adjustment  and  control  of 
the  operation  of  the  station  and  its  separate  units.  This  will 
allow  to  simplify  the  field  work,  to  increase  its  productivity,  and 
to  improve  the  quality  of  obtained  field  materials. 

In  the  CMFW  it  is  also  necessary  to  shut  off  completely  the 
automatic'  gain  control  by  taking  out  the  tube  from  the  ACG  stage. 

With  tMs,  the  suppressor  grids  of  tubes  627  should  be  disconnected 
from  the  circuit  of  tubes  6iOx6  and  connected  to  the  cathodes  of 
627  tubes.  It  is  also  necessary  to  disconnect  the  mixer. 

Introduction  of  additional  low  frequency  characteristics. 

These  characteristics  are  introduced  in  the  amplifiers  by  means 
of  replacing  the  intermediate  coupling  0.01-mf  condensers  in  the 
second  and  third  stages  which  by  0.1  mf  condensers  and  by  replacing 
the  interchangeable  240-henry  choke  of  the  filter  with  a  1,000- 
henry  choke;  this  changes  the  filter  resonance  frequencies  from 
37,  4?,  57  and  80  cycles ; to  18,  20,  25  and  35  cycles  respectively. 

The  relative  bandwidth  of  noes  assumes  the -values  indicated 
in  Table  2. 


Stole  2 


Filtration 


pny*oi awwow 


Reaonant  Frequency 
in  cycles 


Relative  Band¬ 
width.  ixi  peroajst 


1 

2 
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35 
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25 

90 

20 

70 

18 

45 

la  those  eases ,  when  it  is  necessary,  to  register  oscillations 
with  predosoiaant  frequencies  over  40  cycles  the  2kO  henry  choke 
should  be  used*  Baa  resonant  frequencies  of  the  filters  will  then 
be  37;  kxt  57  and  80  cycles;  i*e.,  the  same  as^in  unaltered 
station*  However*  this-  increases  the  relative  bandwidth  i stsi  gni f i cant 
ly  (  by  10  percent)  compared  with  the  bandwidth  of  unaltered 
amplifiers*  She  broadening  of  the  amplifiers  bandwidth  is  shown  in 
‘Jhble  3® 

Deb Xe  3® 
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She  characteristics  of  amplifiers'  after  alteration*  are 
shown  in  Fig*  9*  Here,  the  solid  lines  indicate  the  characteristics 
when  a  new  choke  of  izxductan.ee  1*000  henry  is  included  in  the 
filter;  by  dotted  line  indicates  the  characteristics  for  the  case 
when  the  old  choice  of  lit  246  henry  .in  used* 

Increasing  the  gain  of  the  amplifiers.  Bie  increase  may  be 
realized  at  the  expense  of  switching  off  of  the  6Kh6  tube  in  the 
AGO  circuit jby  replacing  the  0*01  af  condensers  Cp  and  Cg  in  the 
second  and  third  stage'  by  0.01  zefd  condensers;  and  by  increasing  the 
plate  voltage  to  X40  v* 

tQ3&  indicated  measures  assure  the  increase  gain  of  the 
voltage  amplifiers  to  180,000,,  l.e.,  106  db  at  the  primary 
winding  of  output  transformer*  Further  increase  of  the  gain  of  toe 
amplifier  may  'be  reached  to  some  degree  by  increase  of  voltage 
of  anode  batteries  to  200  v* 
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Apparatus  for  rapid  control  of  the  operation  of  the  individual 
u,rt  is  of  the  station*  In  the  station  SS— 24— 43,  unlike  the  siyStion 
EiQiO-x,  there  are  no  linear  input  units. 


dh 


Q.  Frequency  characteristics  of  seismic  station.  SS-£A-4es. 
The  characteristics  with  the  3.000-henry  chose  are  shown  by 
solid  lines;  and  those  with  the  240-henry  (old)  choke  are 

V,  yvi  1*? 

-u  xl  *  ,L  «  ■  .4 ».«  -■  UwUt 

Therefore  for  reali sati on ,  in  the  process  of  operation  of  fast 
control  of  the  operation  of  the  channel  and  its  separate  links  in 

Messary  to  make  a  checking  panel,  which  would 
ing  to:  a)  check  the  conductivity  of  the 
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amplifier  to  the  oscilloscope  for 


Tti.=3 ,  the  alterations  in  the  station  practically  do  not 
the  working  filtrations  of  channels  1,  2,  3.  4,  and  also  do. 
the  identicity  of  amplifiers.  Therefore  the  station 
h  indicated  alterations  may  be  used  simultaneous ly  i.oy 
JMHW  as  well  as  for  work  according  to  ths  method  of 


i.;.  g 

.  with 
.acted  wave 


C.  Modification  pertaining  to  the  stations  2KhO-i  and  SS-24-*- 
^.;jot>lify  the  performance  of  field  observations  cviid  contr*.— 
to  to  better  quality  of  obtained  field,  materials.  Aside  from  use 
derations  in  amplifiers  of  both  stations  indicated  previously,  th« 
tentiaaeters,  which  regulate  smoothly  the  gain  of 
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amplifiers  should  be  replaced  by  calibrated  step-by-step  ones,  which 
change  the  sensitivity  by  a  certain  factor. 

It  is  also  necessary  to  assure  the  possibility  of  equal 
simultaneous  change  of  sensitivity  of  all  channels.  This,  for 
example,  my  be  realised  by  regulation  of  voltage  on  the  screen  grids 
of  tubes  of  first  or  second,  stages  of  amplifiers *  The  feeding  of 
screen  grids  is  this  case  should  be  performed  from  a  separate 
battery.  As  experience  shows,  such  a  method  of  regulation  of 
sensitivity  of  amplifiers  practically  does  not.  introduce  any 
relative  complications  (distortion)  into  seismic  recordings* 

la  order  to  decrease  the  filtration  of  the  channel,  it  is 
desirable  to  lower  also  seismographs*  own  sensitivity  to  10  -  12 
cycles,  but  to  do  this  without  loss  for  stable  operation  in  the 
available  types  of  magnetic  seismographs  for  example  SP-48,  SP-12 
and  others,  is  extremely  difficult,  since  in  this  the  danger  of 
"sticking”  of  the  moving  system  of  the  apparatus  increases. 

In  the '  fut««  it  is  expedient  to  utilize  in  the  CM1M 
electrcdynafflic  seismographs*  in  which  it  is  easy  to  assure  low 
latwr&l  frequency  of  the  order  of  10  -  12  cycles  and  which  are  more 
stable  in  work  than  the  above  mentioned  magnetic  seisasogmphs. 

Bis  transition  to  registration  of  lower  low  frequency 
oscillations  allows  to  decrease  the  speed  of  the  paper  to  Ik  -  20 
aa/sec«  Shis  is  achieved  by  means  of  decrease  of  feeding  voltage  .«  , 
of  the  chart  motor  from  12  to  $  -  8  v. 

It  is  necessary  for  all  stations  which  are  destined  for  work 
with  CffiSf  to  add  a,  signal  generator  (preferably  tilth  expanded  scale 
in  the  frequency  from  5  -  10  to  100  cycle)  and  a  cathode  ray 
oscillograph . 

3.  Introduction  of  Calibrated  Sensitivity  of  Seismic 
Receiving  Channels. 

Ia  order  to  utilize  the  dynamic  peculiarities  of  seismic 
recordings  in  interpretation,  it  is  necessary,  as  shown  in  Sec.  1, 
Chapter  IV,  to  introduce  calibrated  sensitivity  of  seismic 
receiving  channels.  For  this  it  is  necessary  to  know  either  the 
relative  sensitivity  of  seismic  receiving  channels  or  to  perform 
registration  of  oscillations  at  equal  sensitivity.  She  above  may¬ 
be  realized  in  the  following  manner: 

3.)  introduce  in  the  simplifiers  a  step-by-step  calibrated 
sensitivity  control,  simultaneously  selecting  seismographs  and 
galvanometers  of  equal  sensitivity  for  all  channels;' 

g)  fix  before  each  explosion  the  relative  sensitivity  of 
seisaoreesiving  channels  (without  seismographs,  simultaneously 
selecting  seismographs  of .equal  sensitivity  for  all  channels. 

The  step-by-step  calibrated  sensitivity  control  of  the 
amplifiers  my  be  realised  ia  the  following  manner.  The  carbon 
potentiometers,  which  regulate  smoothly  the  sensitivity  of  ampli¬ 
fiers,  are  replaced  by  step-by-step  potentiometers,  which  change 
the  sensitivity  by  a  certain  factor.  As  experience  shows,  ia 
•the  presence  of  possibility  of  simultaneous  smooth  regulation 


of  sensitivity  of  all  channels,  it  is  sufficient  to  introduce  five 
stages  of  sensitivity  control,  and  in  switching  from  one  stage  to  the 
other,  the  sensitivity  should  at  least  double. 

The  step  potentiometers  used  for  this  are  usual  multiple  contact 
switches  with  a  corresponding  set  of  resistors.  Standard  low -power 
resitors  can  be  utilized  as  resitors. 

In  presence  of  amplifiers  with  calibrated  regulation  of  sensi¬ 
tivity,  it  is  easy  to  record  at  equal  sensitivity  of  channels  for  which 
purpose  the  switches  of  potentiometers  of  amplifiers  must  be  placed  into 
same  position,  as  well  as  at  unequal,  but  known  sensitivity  of 
channels.  In  the  latter  case  it  is  sufficient  to  only  fix  the  posi¬ 
tions  of  the  switches  of  amplifier  potentiometers  which  regulate  the 
sensitivity. 


Fig.  10.  Seismogram,  which  shows  on  the  left  in  the  initial  part, 
the  recording  of  sinusoidal  oscillations  generated  by  the  signal 
generator  at  the  inputs  of  all  amplifiers.  The  amplitude  ratio 
of  these  oscillations  charactises  the  relative  sensitivity  of 
receiving  channels  without  seismographs. 

The  relative  sensitivity  of  channels  (without  seismograph)  in 
production  of  records,  when  the  amplifiers  do  not  have  the  step- 
calibrated  regulation,  may  be  fixed  in  the  following  manner.  Before 
the  explosion,  sinusoidal  oscillations  with  frequency  close  to  the 
frequency  of  waves  being  registered  are  fed  from  the  signal  generator 
to  the  inputs  of  all  amplifiers  for  a  short  period  of  time, 

0.1  -  0.3  sec.  These  oscillations,  as  is  seen  on  the  seismogram 
shown  in  Fig.  10  are  recorded  in  its  initial  part  before  the  arrival 
of  seismic  waves.  According  to  such  recording  it  is  possible  to 
determine  the  correlation  between  the  sensitivity-  of  various 
channels.  This  allows  in  the  processing  to  introduce  corresponding 
corrections  into  the  amplitude  measurements,  due  to  unequal 
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sensitivity  of  channels . 

Using  the  signal  generator,  it  is  also  possible  to  set  all 
channels  at  equal  sensitivity* 

Before  the  explosion,  the  signal  generator  is  connected  to  the 


circuit  of  tie 


ifier  at  identical  Input  transf ©soars  and 


stages  in  the  following  asanasr:  the  secondary  winding  of  the  signal 
generator  is  connected  in  series  with  the  anode  tottery,  which  feeds 
the  anodes  of  tubes  of  the  first  stages  of  amplifiers  (which  are 
connected  in  parallel). 

Thus,  a  voltage  of  a  given  fixed  frequency  is  applied  to  the 
grids  of  totes  of  second  stages  of  all  amplifiers  from  the  signal 
generator.  When,  the  chart  in  started  the  circuit  of  the  secondary 
winding  of  the  audio  generator  is  short  circuited  automatically  or 
s ead -automate eaily  after  0.2  -  G.J  sec,  and  -this  stops  completely 
the  supply  of  voltage  from  the  souid  generator  to  the  grids.' 

h,  Radio  ecwetuni  cation  mid  determination  of  the  ins  tat  of 


explosion  by  radio. 

Radio  communication.  In  work  with  CMKtf,  the  explosions  occur 
at  great  distance  from  the  seismic  stations,  on  the  order  of  5  -  10 
km.  "and  more.  Therefore,  in  conducting  field  work  radio  communi¬ 
cation  is  utilized  for  communication  between  the  explosion  points 
and  the  seismic  stations  and  for  transmission  of  the  ins tat  of 


explosion. 

For  radio  communication,  the  seismic  station  is  usually 
equipped  with  a  set  of  four  radio  stations,  and  the  radio  stations 
which  service  the  explosion  points  are  equipped  with  devices  that 
produce  an  electric  impulse  that  corresponds  to  the  moment  of 
explosion. 

At  the  present  time,  for  use  in  seismological  engineering, 
the  radio  stations  manufactured  by  our  industry,  of  the  type 
"Urozhay"  [29],  destined  for  one-sided  (simples)  as  well  as  simul¬ 
taneous  two-sided  (duplex)  eaaanuni cation  on  distances  of  up  to  JO 
km,  and  quite  suitable.  These  stations  are  simple  in  arrangement, 
portable  and  reliable  in  operation.  The  simplicity  of  operation  of 
radio  stations  enables  the  personnel  of  the  seismic  groups  to 
operate  them. 

In  those  cases,  when  the  length  of  profiles  exceeds  the 
range  of  radio  stations  of  the  type  "Urozhsy",  more  powerful, 
radio  stations  should  be  vised,  or  one  should  place  between  the 
seismic  station  and  the  point  of  explosion  additional  intermediate 


retransmitting  radio  stations. 

Marking  of  tee  moment  of  explosion.  For  marking  of  the 
moment  of  explosion  on  radio,  tee  following  methods  are  utilized  in 


practice : 

1)  the  marking  of,  the  moment  of  explosion  by  means  of 
recording  on  the  seismogram  of  the  electric  impulse  which  corres¬ 
ponds  to  the  moment  of  explosion,; 

2)  the  marking  of  tee  moment  of  explosion  by  means  of 


recording  on  the  seismogram  of  suddenly  terminating  or  suddenly 
starting  sinusoidal  oscillations  of  the  sound  frequency.  In  this 
case  either  termination  or  starting  of  recording  of  sinusiodal 
oscillations  corresponds  to  the  moment  of  explosion. ^  - 

Marling  of  the  moment  of  explosion  by  means  oi  recoroing  o.. 
the  impulse.  For  marling  the  moment  of  explosion  by  a  pulse ^  one 
unes  the  usual  explosion  devices  (see  for  example,,  ?w  and  other 
explosion  devices  (explosion  commutator,  etc.),  allowed  for  use  in 
seismic  engineering  by  the  Mining  Engineer  Inspection  Service  and 
e ouipped  with  devices  for  production  and  transmission  by  telepnone 
lines" of  the  electric  ipulse,  which  corresponds  to  the  moment  a. 
explosion.  In  case  of  utilization  of  the  explosive  machine,  the 
transmission  of  the  moment  of  explosion  on  radio  is  realized  *n  the 
following  jsanner.  The  secondary  winding  Ill  of  the  transformer  of 
the  machine  (Pig.  11)  is  connected  to  the  primary  winding  of  the 
microphone  transformer,  either  instead  of  the  microphone  or  else  t 
-the  circuit  of  additional  winding,  which  serves  usually  for  re¬ 
transmission.  ,  _  '  . _ . 

Y±g.  11  illustrates  the  marking  the  moment  of  explosion  by 

radio  in  case  of  utilization  of  the  explosion  machine  and  of  a 
radio  station  of  the  type  "Urozhay-l"  (b)  [29).  At  the  moment  of 
explosion  the  circuit  of  electric  detonator  opens  and  a  sharp 
electric  pulse  is  produced  in  winding  I  of  the  transformer  of  t 
machine.  This  pulse  is  then  fed  to  the  winding  of  tne  microphone 
transformer  of  the  radio  station  and  is  broadcast. 

The  impulse  is  received  by  the  radio  receiver  through  the 
decoupling  filter  whose  diagram  is  shown  in  Fig.  12,  is  fed  to  ora 
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Fig,  11.  Connects  diagram  of  the  transformer  of  the  explosive 
machine  used  in  marking  of  the  moment  of  explosion  by  radio,  by 
means  of  recording  of  the  electric  pulse  on  the  seismogram, 
a  -  explosive  machine;  b  -  microphone  transformer  Oi  the  radio 

station  "Urozhay-l”. 


of  the  galvanometers  and  Is  recorded  on  the  seismogram.  This  galva¬ 
nometer  is  utilized  also  for  recording  of  seismic  oscillations.  The 
decoupling  filter  is  included  in  the  circuit  of  the  galvanometer  in 
order  to  decouple  the  circuits  of  the  amplifier  and  radio  station 
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Fig.  12.  The  connecting  diagram  of  the  receiver  of  the  radio¬ 
station  to  the  galvanometer  (through  decoupling  filter) ,  used  to 
mark  the  moment  of  explosion  by  means  of  recording  of  the  elec¬ 
tric  Impulse  on  the  seismogram.  The  parameters,  indicated  in 
the  diagram,  refer  to  that  case  when  the  input  resistance  of 
the  galvanometer  equal  20  Ohm, 

and  to  eliminate  the  effect  of  speech  and  various  types  of  atmos¬ 
pheric  interferences  on  the  galvanometer. 

An  example  of  a  seismogram  with  the  moment  of  explosion 
marked  by  recording  of  a  pulse  is  shown  in  Fig.  64.  The  timing 
line  is  tested  before  the  explosion  by  closing  and  opening  of  the 
test  circuit  of  the  explosing  machine. 

Usual  explosive  commutators  and  test  circuits  of  explosive 
machines  may  also  be  utilized  for  marking  the  moment  of  explosion 
by  means  of  recording  an  electric  pulse  on  the  seismogram.  In  the 
given  case  an  additional  two-wire  time  line  is  included  into  the 
circuit  of  the  primary  winding  of  the  transformer  of  the  explosive 
commutator,  a  turn  of  this  line  is  wound  on  the  charge.  At  the 
moment  of  explosion  the  turn  is  broken  and,  consequently,  the  circuit 
of  the  timing  line  is  broken.  Ibis  cause  a  momentary  cessation  of 
the  current  in  the  circuit  of  the  timing  line  and  is  noted  on  the 
seismogram  as  a  pulse. 

The  marking  of  the  moment  of  explosion  in  the  form  of  a 
pulse  can  be  also  performed  in  the  following  manner.  Hie  timing 
line,  which  has  small  resistance  as  compared  with. the  resistance 
of  the  microphone,  is  connected  in  parallel  with  the  microphone. 

At  the  moment  of  explosion  the  current  in  the  primary  winding  of  the 


transformer  decreases  sharply*  This  decrease  of  -the  current, 
received  by  the'  receiving  station,  is  recorded  on  the  seismogram  as 

a  pu3.se* 

If  -the  resistance  of  the  timing  line  cannot  he  made  small 
compared  with  the  resistance  of  the  microphone,  then  the  line  should 
be  switched  in  series  with  the  microphone* 

The  separate  timing  line  should  in  all  cases  he  connected  through 
an  explosive  commutator  equipped  with  safety  switches, 

A  circuit  with  a  separate  line  is  best  used  in  those  cases, 
when  the  poor  quality  of  the  electric  detonators  or  some  other 
reasons  cause  the  detonation  of  the  charge  to  be  noticeably  delayed 
with  respect  to  the  opening  of  the  explosion  circuit,  i .  e . ,  with 
respect  to  the  moment  of  burning  out  of  the  bridge  of  electric 
detonator.  However,  if  there  is  no  delay,  than'  it  is  simpler  and 
easier  to  utilize  a  circuit  with  an  explosive  machine  for  marking 
the  moment  of  explosion. 

Marking  of  the  moment  of  explosion  by  recording  on  the  seis¬ 
mogram  suddenly  stopped  or  suddenly  beginning  sinusiodal  oscillations. 
The  marking  of  the  moment  of  explosion  by  means  of  recording  of 
suddenly  stopping  sinusiodal  oscillations  is  realized  by  means  of 
the  circuit  of  Fig.  13 .  In  this -case  a  sound  generator  (the  secondary- 
winding  of  its  output  transformer),  is  connected  to  the  circuit  'of 
the  separate  timing  line,  which  is  connected  in  series  with  the  • 
primary  winding  of  the  microphone  transformer  of  -the  radio  stations. 

Due  to  this,  the  carrier  frequency  of  the  transmitter  is  modulated 
by  sinusiodal  oscillations,  whose  frequency  usually  does  not  exceed 
200  -  300  cycles*  At  the  moment  of  explosion  the  moment  line  is 
broken,  and  this  stops  the -'modulation  of  the  carrier  frequency  of 
the  transmitter  by  the  sinusiodal  oscillations. 

ihe  termination  of  sinusiodal  oscillations  is  recorded  on  the 
seismogram  in  the  same  manner  as  the  marking  of  the  moment  of  explo¬ 
sion  by  pulse.  An  example  of  a  seismogram  with  marking  of  the 
moment  of  explosion  by  means  of  registration  of  suddenly  terminating- 
sinusiodal  oscillations  is  shown  on  Fig.  14,  In  some  cases  the 
sidusiodal  oscillations  received  by  the  receiving  srafiio  station  are 
first  rectified  and  -then  fed  to  the  galvanometer.  The  moment  of 
explosion  in  this  area  is  marked  on  the  seismogram  as  a  shift  in 
the  path  of  the  light.  For'  rectification,  either  tube  circuits 
or  circuits  with  copper  oxide  rectifiers  are  used. 

The  marking  of  the  moment  by  means  of  recording  of  suddenly 
starting  sinusiodal  oscillations  may  be  realized  by  means  of  the 
following  modification  of  the  circuit  with  a  sound  generator.  In 
the  circuit  shown  on  Fig.  1J,  the  secondary  winding  of  the  sound 
generator  is  connected  directly  to  the  primary  winding  of  the 
microphone  transformer.  ,  The  timing  line  is  connected  to  the  same 
circuit,  thereby  completely  shuting  the  winding  of  the  generator. 

This  stops  the  modulation  of  the  carrying  frequency,  of  the  trans¬ 
mitter  by  sinusiodal  oscillations.  At  the  moment  of  explosion 
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.Fig*  13*  The  diagram  of  marking  the  moment  of  explosion  on  radio 
by  means  of  recording  of  suddenly  terminating  sinusiodal  oscil¬ 
lations*  Termination  of  sinusiodal  oscillations  corresponds 
to  the  moment  of  explosion,.  1  -  sound  generator:  2  -  micro¬ 
phone  transformer  of  radio  station  "’urozhay-l";  3  Explosive 
commutator;  4  -  timing  line;  3  -  telephone  line;  6  -  expl. 
line;  7  -  charge;  3  -  time  line. 

the  turn  of  the  timing  line  is  broken,  the  generator  winding  is  no 
longer  shunted  and  modulation  of  the  carrier  frequency  of  the  trans- 
nutter  with  sinusiodal  oscillations  is  resumed.  In  order  to 
obtain  in  such  a  circuit  sufficiently  sharp  sinusiodal  oscillations 
on  the  seismogram  it  is  necessary  that  the  resistance  of  the  timing 
line,  before  it  is  broken,  be  small,  about  several  ohm,  and  that  its 
resistance  after  the  break  be  sufficiently  large. 

In  those  cases  when  the  resistance  of  the  timing  line  after 
the  breaking  of  the  wires  remains  small,  about  several  ohms,  as 
takes  place,  for  example,  in  explosions  in  salt  water,  the  circuits 
described  above  cannot  ensure  the  production  of  a  sufficiently 
sharply  pronounced  start-  of  sinusoidal  oscillation.  The  sharpness 
of  the  start  of  the  oscillations  can  be  increased  by  modifying  the 
circuit  shown  in  Fig.  Ip  in  the  following  manner.  Winding  I  of  the 
transformer  Tr  (Fig.  13)  is  coupled  inductively  with  the  plate 
circuit  not  directly  b through  winding  II,  but  through  an  additional 
network,  which  has  low  resistance,  several  ohms.  The  resistance 
of  the  network  can  be  increased  if  necessary,  by  adding  the  resis¬ 
tance  K.  Connected  in  parallel  with  this  network  is  a  timing  line, 
which  shuts  it  completely.  At  the  instant  of  explosion  the 


Figs  l'f.  Example  of  seismogram  with  radio  recording  of  the 
instant  of  explosion  to  which  the  termination  of  simxsiodal 
oscillations  corresponds. 

shunting  ceases  and  the  modulation  cf  the  carrier  frequency  of  the 
transmitter  begins.  Such  a  circuit  can  be  adjusted  to  operate 
whenever  the  resistance  in  the  timing  line  increase  by  several 
dims . 
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Fig.  15.  Diagram  of  audio  generator,  used  to  mark  the  instant  of 
explosion  by  radio  by  recording  the  instantaneously  starting 
sinusoidal  oscillations  in  the  case  of  explosions  in  salt  water. 
1}  to  radio  station;  2}  timing  line 


Methods  of  marking  the  instant  of  explosion  by  recording  sud¬ 
denly  stopping  or  suddenly  starting  sinusoidal  oscillations  ensures 
a  clear-cut  marking  of  the  instant  of  explosion  in  the  presence  of 


nrong  thalers  tom  disc' 
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is  or  interference  due  to  neighboring 
radio  stations.  In  this  lies  their  advantage  over  time 
marking  with  the  aid  of  pulse  recording.  However,  if  this  inter¬ 
ference  is  missing,  then  when  operating  with  modem  radio  stations, 
particularly  at  short  distances  on  the  order  of  several  kilometers, 
preference  should  be  given  to  time  marking  by  means  of  pulse 


recording. 

Ion-coincidence  between  the  instants  of  explosion  in  the  case 
of  repeated  explosions.  If  an  additional  timing  line  is  used,  in 
the  case  of  explosions  in  water-fined  shot  holes,  and  also  in  the 
case  of  explosions  in  natural  water  reservoir  and  particularly  at 
seo,  one  frequently  observes  an  apparent  discrepancy  between  the 
times  of  arrivals  of  the  same  waves  in  the  case  of  repeated  explo¬ 


sions  made  with  the  sauna  setup.  2hese  discrepancies  sometimes 
reach  0.005  —  0.00 6  seconds  and  more.  ’Baey  may  be  caused  by 
inexact  recording  of  the  instant  of  explosion  by  means  of  the 
ordinary  circuits,  owing  to  sm.ll.  variations  in  the  resistan.ee  of 
the  timing  line  after  the  breaking  of  the  wires. 

The  sharpness  of  the  arrivals  of  the  pulse,  corresponding 
to  the  instant  of  explosion,  can  be  increased  in  the  following 
manner.  The  charge  is  wrapped  not  with  a  single  wire  of  the 
timing  line,  aa  is  usually  done  in  ordinary  schemes  (the  connec¬ 
tion  of  the  vires  of  the  timing  line  is  shown,  for  this  case  by  the 
dotted  line  of  Fig.  13),  but  with  two  wires,  so  that  four  wires 
of  the.  timing  line  enter  into  the  shot  hole  (the  corresponding 
connection  of  the  tindng-line  wires  is  shown  by  the  solid  lines 
in  Fig.  13)*  With  such  a  connection  between  the  test  lead  or  the 
sound  generator  and  the  circuit  of  the  microphone  transformer  of 
the  radio  station,  ths  radio  station  is  always  disconnected  com¬ 
pletely  during  the  instant  of  explosion  from  the  circuits  that 
make  up  the  electric  pulse  corresponding  to  the  instant  of 
explosion,  and  this  results  in  a  sharper  recording  of  the  Instant 
of  explosion.  In  addition,  this  eliminates  almost  completely  the 
possibility  of  appearance  of  overshoots  on  the  seismogram.  %mse 
overshoot  usually  are  due  to  repeated  closing  of  the  wires  of  the 
timing  line. 

In  the  ease  of  explosions  in  dry  wells,  on  the  surface, 
and  in  air,  a  satisfactory  agreement  between  the  instants  is  ob¬ 
tained  also  with  the  usual  method  of  connection  of  the  timing 
loop.  The  occasionally  observed  non-coincidence  of  the  times 
of  each  arrivals  is  due  to  other  causes:  in  the  case  of  explosions 
in  mountain  rocks  —  to  crumbling  (and  sometimes  packing)  of  the 
rocks  near  the  explosion  and  the  related  changes  in  the  conditions 
of  absorption  and  speed  of  propagation  of  elastic  oscillations. 

In  the  case  of  explosions  in  air  —  this  is  due  to  the  dependence 


of  the  velocity  of  the  explosion  wave  in  air  on  the  size  of  the 
charge,  etc* 

Si©  foregoing  circumstances,  which  influence  the  accuracy 
of  jaarhing  of  the  instant  of  explosion  by  radio,  occur  also  when 
working  with  wire  lines. 
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PR0C3DUR3  OF  FI2LD  OBSSRV-.TIOMS 


The  procedure  of  field  observations  in  the  CMRW 
differs  from  the  method  of  reflected  waves  in  the  great 
variety, of  observation  systems*  Whereas  in  the  method  of 
reflectlbhl  use  is  made  principally  of  longitudinal 
profiles^  in  the  CMRW,  along  with  longitudinal  profiles, 
one  uses  extensively  non-longitudinal  and  different  combi¬ 
nations  of  longitudinal  and  non-longitudinal  profiles. 

The  method  of  shooting  the  longitudinal  profiles 
themselves  is  more  complicated  in  CMRW  than  in  the  method 
of  reflection.  This  is  connected  with  the  fact  that  the 
reflacted  waves,  unlike  the  reflected  ones,  cannot  be  ob¬ 
served  near  the  point  of  explosion,  but  only  starting  with 
a  certain  distance,  which  sometimes  is  quite  considerable. 

In  addition,  to  construct  refracting  separation  boundaries 
it  is  necessary  to  have  a  system  of  observations  from  not 
less  than  two  explosion  points*  .  Therefore  the  simplest 
system  of  shooting  longitudinal' profiles  used  in  the  re¬ 
flected  wave  method  is  quite  inapplicable  in  the  CMRW. 

In  the  CMRW,  as  in  the  method  of  reflections,  use 
is  made  of  various  types  of  measurement  —  route  and  area. 
The  choice  of  type  of  measurement  and  the  system  of  observa¬ 
tions  are  determined  by  the  character  of  the  prospecting 
problems  that  are  to  be  solved  by  the  CMRW.  In  scheduling 
CMRW  operations,  as  in  the  method  of  reflections,  a  tenta¬ 
tive  scheme  of  observations  is  first  outlined,  based  on 
general  data  on  the  geological  structure  of  the  region  or 
the  regions  adjacent  to  it,  and  using  the  experience  of 
seismic  prospecting  in  neighboring  regions  or  under  similar 
conditions.  Finally  the  observation  scheme  Is  selected  on 
the  basis  of  result  of  experimental  works,  during  which  one 
obtains  the  basic  information  on  the  bearing  refracting 
horizons;  their  approximate  depths,  the  magnitudes  of  the 
boundary  velocities,  and  the  regions  in  which  the  waves 
can  be  traced.  During  the  time  of  the  experimental  opera¬ 
tions,  one  clarifies  also  the  technical  problems  connected 
orincipally  with  conditions  of  excitation  of  oscillations 
"(and  to  a  lesser  extent  with  the  conditions  of  mounting  the 
seismographs)  in  choosing  the  locations  of  the  seismic 
DpofiX©  s • 

When.- using  the  CMRW,  as  in  the  use  of  the  method  of 
reflected  waves,  it  becomes  sometimes  necessary  during  the 
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operating  procedure  to  deviate  from  the  previously  outlined 
scheme  of  observation  in  order  to  obtain  such  a  network  of 
observation  of  the  material*  Most  frequently  it  becomes 
necessary  to  complicate  the-  system  of  observations,  parti¬ 
cularly  in  those  places  where  unpredicted  complex  so i sino¬ 
logical  conditions  are  encountered. 

1.  Types  of  Measurements 

One  distinguishes* two  principal  types  of  seismic 
measurements,  carried  out  with  the  aid  of'  the  CMRW:  route 
and  area.  •  . 

Route  measurements  -This  type  of  measurement  pre- 
supposes  the  performance  of  Operations  along  individual  ■ 
lines  —  routes  —  for  the- study  of  the  geological  section. 
Use  is  made  here  essentially  of  isolated  longitudinal  pro-  • 
.files,  sometimes  in  conjunction  with  transverse  ones.  As  a/ 
result  of  such  measurement,,  seismic  sections  are  plotted 
along  the  linos  of  the  profiles,- •- :  ‘ 

Area  measurement .  This"  system  of  observations  re¬ 
presents  in  this  case  a  definite  network  of  profiles.  Area, 
measurement  can  bo  carried  out  in "order  to  search  for 
structures  or  in  .order  to  make  a  detailed  investigation  of 
structures  already  known.  -'  In; this  connection  one  distin¬ 
guishes.  between  reconnaissance  or  search  area  measurement, 
in  detailed  area  measurement.  In  either  case,  one  use  in 
principle  the  same  syatemh  of  observations,  buf  in  detailed  • 
measurements  one  usds  a  greater  density  of  network  of  pro¬ 
files  and, they  ape  shot  in  greater  detail. 

As  a  result  of  carrying  out  the  area  measurements .  •  • 
structural . maps  are  plotted,  the  routes  of  UneB  of  tectonic 
disturbances  (faults,  steep ■ slopes)  are  traced,  and,  sols-  . 
mological  maps  are  compiled  for  the  extent  of  various  rocks 
under  .covering  layers.-  Structural  and  other  maps  are  usually 
accompanied  by  ■  seismic  sections  along  the  most  characteristic 
profiles. 

. 2,  Principal  Systoms  of  Observation 

The  principal  systems  of  observations  in  CMRW  are 
longitudinal  and  non-longitudinal  profiles,  which  are  dis¬ 
tinguished  from  each  other  by  the  mutual  placement,  of  the 
points  of  explosion  and  of  the  seismographs.  In  any  system 
of  observations,  the  seismographs  are  usually  arranged 
along  straight  lines  —  profiles. 

Longitudinal  profiles.  In  the  CMRW  one  calls 
longitudinal  profiles  such  systems  of  observations,  in  which 


tho  so i sinograph s  and  the  point  of  explosion  are  located 
on  the  single  straight  line  (Fig.  16).  Longitudinal  pro¬ 
files  represent  basic,  or  as  they  are  also  called,  refe¬ 
rence  profiles,  since  a  sufficiently  complete  system. of 
hodograohs,  obtained  with  those  profiles  makes  it  possible 
to  determine  the  depth  and  relief  of  the  refracting  boun¬ 
dary,'  and  also  tho  magnitude  of  the  boundary  velocity. 

Other  lines  of  observations  are  for  tho  most  part 
related  in  one  manner  or  another  with  longitudinal  profiles. 

lion-longitudinal  profiles.  Non-longitudinal  pro¬ 
files  ahe  called  such  systems  of  observations  in  which 
tho  point  of  explosion  in  the  lino  on  which  the.  seismo¬ 
graphs  are  placed  are  not  on  a  straight  line*  Frequent  and 
most  widely^ used  cases  of  non-longitudinal  profiles 
employed  in  practice  arc  transverse  profiles.  A  non- 
longitudinal*  prof  il  e  is  called  transverse  if  tho  base  of 
a  perpendicular  dropped  from  tho  point  of  explosion  on  to 
the  profile  line  is  located  in  the  same  profile,  and  not 
on  its  continuation  (Fig.  17,  CCr).  Non-longitudinal 
profiles,  located  on  tho.  side  of-  the  base  of  the  parpen- ^ 
dicular,  are  sometimes  also  called  lateral  (Fig.  17,  DD  i. 

It  must  be  borne  in  mind  that  the  separation  of  non¬ 
longitudinal  profiles  into  transverse  and  lateral  is  puro- 
ly  arbitrary  in  character,  since  the  procedure  of  shooting 
these  profiles  and  method  of  interpreting  tho  hodographs, 
obtained  on  transverse  and  lateral  profiles,  are  as  a 
rule  the  same.  Exceptions  are  portions  of  non-longitudinal 
profiles  (lateral  or  transverse)  which  are  remote  from  the 
point  of  explosion,  and  which  under  certain  assumptions 
can  bo  interpreted  as  longitudinal  profiles..  In  those 
cases  when  tho  point  of  explosion  is  a  longitudinal  profile, 
tho  transverse  profiles  arc  arranged  perpendicular  relative 
to  the  longitudinal  one  (Fig.  17,  SB')* 

Non-longitudinal  profiles  represent  a  system  of 
observations,  which  makes  it  possible  to  determine  only 
the  relative  depths  of  the  refracting  boundary  —  its 
relief.  In  those  cases  when  tho  observations  of  .longi¬ 
tudinal  profiles  are  connected  in  some  manner  or  another 
with  the*  observations  on  longitudinal  profiles,  where  the 
system  of  observations  makes  it  possible  to  determine  the 
absolute  depths,  they  permit  a  determination  of  also  the 
absolute  depth  of  location  of  the  separation  boundary, 

-  Non-longitudinal  profiles  are  usually  an  important 
element  of  area  measurement.  Most  frequently  they  are 
used  in  conjunction  with  longitudinal  profiles.  But  in 
solving  reconnaissance  problems,  in  those  cases  when  it 
becomes  necessary  to  determine  only  qualitative  elements 


of  the  structure  —  to  trace  'the  axis  of  the  uplift,  the 
fault  line,  or  a  stoop  descent  of  a  boundary,  then 
isolated  non-longitudinal  (most  frequently  transverse) 
•profiles  are  somotimes  used,  which  under  favorable  con¬ 
ditions  make  it  possible  to  solve  such  problems  rapidly 
with-  .relatively  little  work.  " 

'  Combinations  of  longitudinal  and  non- longitudinal 
profiles.  Various  combination's  of  longitudinal  and  non- 
longitudinal  profiles  are.  widely  used,  and  make  it  possible 
to  determine  the  spatia.1  distribution  of  refracting 
boundaries.  These  include  primarily  various  "crosses” 
of  profiles,  for  example  longitudinal  and  transverse 
(Pig.  ISA),  two  non-longitudinal  (lateral  and  transverse) 

)?ig.  18B),  non-longitudinal  (lateral)  and  longitudinal 
(Fig.  180). 

In  area  noasurenbnt  one  uses  various  nets  of 
profiles:  a  network  of  longitudinal  profiles,  a  network 
of  non-longitudinal  profiles,  and  a  network  of  profiles 
consisting  of  a  combined’  system  of • longitudinal  and  non¬ 
longitudinal  profiles.  The  systems  of  observations  used 
in  area  measurement  are  considered  in  greater  detail  in 
Section  5  of  this  chapter.' 

3.  Systems  of  Observations  on  Longitudinal  Profiles 

Systems  of  observations  on  longitudinal  profiles, 
designed  for  tracing  waves,  corresponding  to  a  definite 
boundary,  can  represent  so-called  "complete"  or  "incom¬ 
plete  "..cqrrcla.tion  systems  of  observations.  'When  pros¬ 
pecting  simultaneously  several  refracting  boundaries,  the 
same  system  can  bo  complete  with  respect ! to  waves  corres¬ 
ponding  to  any  ono  or  several  of  the  investigated  boun¬ 
daries  and  incomplete  with  respect  to  others. 

Complete  correlation  systems  of  observations.  3y 
complete  correlation  systems  of  observations  wo  moan  such 
a  system,  which  in  the  case  of  continuous  separation 
boundary  makes  it  possible  to  realize  along  the  entire 
profile  a  continuous  correlation  of  the  phases  of  the 
waves  corresponding  to  this  bounda'ry.  The  identification 
of  the  phases  of  the  waves  are  followed  at  different 
points  of  explosion  as  realized  by  mutual  points.. 

Incomplete  correlation  system  of  observations.  .In 
oontrast  with  the  complete  correlation'  system  of  observations, 
tho.  incomplete  system  of  observations  does  not  insure 
continuous  tracing  of  tho  waves  by- phases,  fully  inter¬ 
related  by  mutual  points.'  The  identification  and  the 
interrelation  of  the  \iraves  in  this  type  of  system  is 


realized  not  only  by  mutual  points,  but  also  by  the  prin¬ 
ciple  of  the  parallelnoss  of  overtaking  hodographs,  by 
features  of  the  typo  of  recording,  etc.  Thus,  the  system 
of  overtaking  holographs,  not  interrelated  l>j  mutual 
points,  represents  an  example  of  an  incomplete  correla¬ 
tion  system  of  observations. 

Compilation  of  correlation  observation  schemes.  In 
order  to  realize  a  correlation  interrelation  of  the  phases 
of  the  Waves  which  are  followed  from  different  points  of 
the  explosion,  it  is  necessary  to  locate  these  points 
suitably  bn  the  profile  and  to  determine  the  shooting 
intervals  for  each  of  those  points.  To  determine  the 
mutual  placement  of  the  points  of  explosion  and  the  shoot¬ 
ing  intervals  it  is  convenient  to  uso  the  so-called 
"generalized  plane  of  observations." 

The  concept  of  generalized  plane  of  observation  makes 
it  possible  to  penetrate  dooper  into  the  question  of  the 
analysis  of  seismic  fields  at  different  systems  of  obser¬ 
vations  /2l/.  Hero  wo  use  the  generalized  plane  only  for 
purposes  of  representing  the  scheme  of  correlation  system 
of  observations  on  a  longitudinal  profile.  The.  compila¬ 
tion  of  correlation  schemes  in  tho  CMR¥  plays  a  substantial 
role  in  the  scheduling  and  carrying  out  the  operations, 
particularly  in  those  cases  when  it  is  necessary  to  fol- 
fow  simultaneously  several  separation  boundaries. 

The  method  of  compiling  tho  correlation  schorao 
on  a .  generalized  piano  of  observations  x^ould  bo  clarified 
with  tho  aid  of  the  following  example.  Assume  that  wo 
h^vo  a  complete  correlation  system  of  observations,  repre¬ 
sented  by  a  system  of  opposite  hodographs,  as  indicated  in 
Fig.  19.  To  represent  this  system  on  the  generalized  plane 
of  observations  we  perform  tho  following  operations.  ¥0 
take  tho  horizontal  axis  x- (Fig.  20)  and  mark  on  it  tho 
stations  of  the  longitudinal  profile.  Through  tho  end 
station  of  tho  horizontal  axis  we  draw  a  vortical  axis  y, 
on  which  wo  also  mark  tho  stations,  whore  station  1  of 
tho  vertical  axis  is  taken  to  bo  station  6  of  tho  horizontal 
axis..  ¥0  then  join  station  1  of  tho  horizontal  axis  and 
station  6  of  tho  vortical  axis .with  a  straight  lino.  ¥0 
obtain  tho  hypothonuso  of  a  right  triangle,  the  sides  of 
which  are  equal  to  tho  length  of  tho  longitudinal  profile. 
Tho  plane  of  tho  triangle  will  indeed  bo  tho  generalized 
plane  of  observations.  Tho  explosion  points  (EP)  0^ ,  0p» 

63,  ...  on  Fig.  19  correspond  on  tho  generalized  piano 
(Fig.  20)  to  tho  points  on  tho  hypothonuse  of  the  triangle, 
denoted  by  tho  same  letters. 

The  horizontal  linos  drawn  form  tho  points  0} ,  02» 


O3  (Pig*  20),  correspond  to  the  direct  tracks  on  the  pro¬ 
file,  iiO,,  those  at  which  tho  seismographs  aro  located  to 
the  right  of  the  point  of  explosion  (and  tho  direction  of 
increasing  station  numbers) ,  .while  the.  vertical  ones  will 
correspond  to  tho  reverse  path,  i.e.,  such  at  which  tho 
seismographs  aro  located  to  the  left  of  the  point  of  explo¬ 
sion.  For  example,  if  on  tho  profile  (Fig.  19)  a  direct 
path  is  followed  and  homographs  E'F  is  obtained  from  explo¬ 
sion  point  O3,  then  tho  eobrqsponding  section  on  tho  '  • 
generalized  plane  is  EF,  which  is  on- the  horizontal  line 
O3?,  passing  through  the  point  of  explosion  O3;  corres¬ 
ponding  to  tho  reverse  path  from  this  point  or  explosion 
0,,  covered  in  the  interval  of  the  profile  between  tho 
points  of  explosions  Op  and  Op  (Pigi  19)  corresponds  on 
tho  generalized  plane  to  the  section  CB  on  tho  vertical 
line  O3B  (Fig,  20), 

From  a  comparison  of  Pigs.  1 9  and  20  it  is  seen 
that  the  mutual  points  of  the  holographs,  for  example  3 
and  Bf  (Fig.  19),  merge  on- the  generalized  plane  in  a 
single  point  B  (Fig.  20);  'analogously,  to- two  points  C 
and  G'  (Fig.  19)  there  corresponds  point  C  and"  Fig.  20. 

This  leads  to  a  great  simplification  and  great  clarity 
in  the  graphic  representation  of  complex  paths  in  the  con- 
tinuouscorrelation  interrelation  of  observations  on 
longitudinal  profiles;  the’  looped  complex  path  ABD'CC’DD*  : 
on  Fig,  19  becomes  in  a  simple  broken  line  ABCD  and  Fig. 

20.  : 

The  overtaking  holographs  are  represented  on  the 
generalized  plane  by  parallel  horizontal  or  vortical  straight 
lines,  which  have  a  region  of  ovarian,  for  example  the  lines 
Ff  and  G-h,  HR’  and  C-F  on  Fig.  20.  . 

Wo  note  that  when. represented  on  the  generalized 
plane,  the  simplest  correlation  scheme  of  observation  by 
tho  method  of  reflections  is  given  by  a  broken  line  of  the 
form  Q1AO2CO3, . , ,  where  In  pairs  of  mutual  points  on  the 
holograph  corrrespond  in  this  case  to  the  points  ACE, . . , 
and  the  points  OiQg  and  O3  , ,  borrespond  to  observations 
at  which  the  point  of  explosion  and  the  point  of  location 
of  the  seismography  coincide. 

The  simplest  correlation  scheme  of  observations 
along  tho  profile  for  the  CMRW,  as  can  be  seen  from  Fig. 

20,  represents  a  continuous  broken  lino  ABCD..,,  removed 
from  the- hypothenuse  Of  --  Og  and  located  in  the  region 
where  the  refracted  wave  can  be  traced;  the  region  of 
bracing  on  the  generalized  plane,  in  the' ease  of  a  hori¬ 
zontal  separation  boundary,  is  bounded  between  the  lines 
PP*  ‘  and'  RR* ,  parallel  to  the  hypothenuse  of  the  triangle. 


The  distance  O^P  equals  twice  the  magnitude  of  the  drift 
(see  formula  (1.1)), 

Examples  of  complete  correlation  systems  of  obser¬ 
vations  for  the  case  of  a  single  separation  boundary.  The 
system  of  observations  given  above  (Figs.  19  and  20)  re¬ 
presents  one  of  the  cases  of  complete  correlation  system 
of  observations  for  tracing  waves,'  corresponding  to  a  single 
separation  boundary.  In  spite  of  the  fact  that  this  is  a 
complete  system,  it  has  its  shortcomings:  there  are  no 
overtaking  holographs  here.  Therefore  this  system  can  bo 
recommended  only  in  those  oases,  when  the  wave’s  corres¬ 
ponding  to  the  prospected  separation  boundary  have  pro- 
nouncod  dynamic  differences  from  other  waves  and  their 
recognition  involves  no  difficulty.  In  the  opposite  case 
the  interrelation  of  the  waves  only  by  mutual  points  will 
not  always  be  reliable,  owing  to  the  possibility  of  certain 
errors  in  the  correlation  when  tracing  waves  on  opposite 
systems  of  observations;  for  example,  the  changeover  from 
phases  of  ono  wave  to  phases  of  ano'thor  wave  in  the  zone 
of  their  interference.  In  addition,  it  is  necessary  to  bear 
in  mind  that  in  some  cases  even  in  the  presence  of  a  fully 
interrelated  correlation  system  of  observations,  it  becomes 
impossible  to  construct  a  continuous  separation  boundary 
along  the  entire  line  of  the  profile.  In  contradiction  to 
the  method  of  reflected  waves,  in  which  continuous  tracing 
of  the  wave  insures  the  construction  of  tho  continuous  sepa¬ 
ration  boundary,  in  tho  method  of  refraction  tho  continuous 
correlation  docs  not  always  correspond  to  a  continuous 
tracing  of  tho  separation  boundary-  (Fig.  21 ).  For  shallow 
separation  boundaries  a  continuous  tracing  of  the  refracting 
boundary  is  ensured  by  a  system  of  opposite  hodographs, 
which  have  overlapping  regions.  For  deep  boundaries,  in 
view  of  tho  great  magnitude  of  the  drifts,  this  condition  is 
not  always  mandatory  when  h^>  H,  as  can  be  soon  from  Fig.  21. 

To  obtain  opposing  summary  hodographs  with  a  consi¬ 
derable  overlap  region  it  is  necessary  to  supplement  the 
system  of  opposing  hodographs  with  overtaking  ones.  Figs. 

22  and  25  show  two  versions  of  complete  correlation  systems 
of  observations,  insuring  the  production  of  opposing  and 
overtaking  hodographs. 

In  the  former  caso  (Fig.  22)  the  system  of  observa¬ 
tions  forms  so-called  closed  paths.  Tho  correlation  inter¬ 
relation  of  tho  waves  is  realized  not  only  with  tho  aid  of 
opposing  but  also  with  overtaking  hodographs.  This  typo  of 
interrelation  insures  a  very  reliable  tracing  of  the  phases 
of  the  waves.  On  each  interval  of  the  profile  there  arc 
overtaking  straight  lines  and  return  paths.  For  example, 


In  the  interval  4  — •  6  there;  are.  two  straight  paths  AB 
and  AfB’  from  explosion  points  Oj  and  Op,  and  two  return 
paths  C'C'1  and  DD*  from  explosion  points  Oc  and  Og,  i.o., 
this  interval  of  tho  profilo.is  shot  from  four  explosion 
points.  In  the  interval  6  T-  8  there  are  two  direct  paths 
B’C  and  B'^C*  from  explosion  points , Op  and  0^  and  ono 
return  path  D'D”  from  explosion  point -0g,  etc. 

The  second  case  (Fig.  23)  represents  a  system  of 
observations  that  insures  the  production  of  overtaking... 
holographs  without  the  use  of  closed  paths.  Here  the  regions 
of  overlap  of  tho  overtaking  hodographs  are  twice  as  Small 
as  in  the  preceding  case.  The  correlation  Interrelation  is  . 
realized  only  with  opposite,  hodographsv  Tho  overt  aklng 
hodographs  are  so  arranged,  that  at  each  Interval  there  is 
only  one  direct  or  reverse  path.  Thus,  in  the  profile 
interval  6  —  8  or  CC  6  --:7  there  is  a  straight  overtaking 
path  AA’ ,  and  on  CC  7  8  there  is  only  the  direct  path  BB*. 

The  maximum  number  of  simultaneously — operating  explosion 
points,  necessary  to  obtain  this  system,  is  equal  to  3. 

In  practice  in  those  cases  when  the  use  of  closed 
correlation  paths  (Fig.  22)  Is-  not  dictated  by  particularly 
difficult  conditions  of  wavo  .correlation,  one  usually  cm-, 
ploys  observation  systems  similar  to  those  shown  in  Fig. 

23,  since  they  are  more  economical  with  respect  to  the 
necessary  number  of  simultaneously  operating  explosion 
points.  - 

Incomplete  correlation  systems  of  observation  in 
tracing  one  separation  boundary.  In  practice  it  does  not 
always  make,  sense  to  roquiro  the  realization  of  a  complete 
correlation  system  of  observations  for  waves  corresponding 
to  the  principal  separation  boundary,  and  all  tho  more  for 
othor  refracting  boundaries,  investigated  in  a  given  region, 
for  in  many  cases  when  the  parallelness  of  the  overtaking 
hodographs  or  the  dynamic  features  of  tho  waves  are  reliable 
criteria  in  the  identification  of  waves,  it  is  possible  to 
employ  successfully  incomplete  correlation  systems  of  obser¬ 
vations.  Such  systems  usually  represent  isolated  systems  of 
opposite  paths,  interrelated  with  the  aid  of  a  system  of 
overtaking  paths.  In  the  compilation  of  schemes  of  incom¬ 
plete  systems  it  is  also  -convenient  to  use  the  method 
described  above  of  representing  the  scheme  of  shooting  of 
the  profile  on  tho  generalized  plane. 

Let  us  give  several  .examples  of  Incomplete  systems 
of  observations., 

Figi  24  shows' an  incomplete  correlation  system  of 
observation,  represented  by  throe  isolated  opposite  paths; 
tho  correlation  interrelation  of  tho  three  opposite  systems 


is  realized  with  the  aid  of  overtaking  paths  AB,  AfBr  and 
CD,  C’D\ 

Fig.  24a  shows  the  systems  of  opposite  traverses, 
continued  in  both  sides  also  with  the  aid  of  overt  aking 
traverses,  obtained  from  the  so-called  external  points  of 
explosion  Oq  and  Ot ,  located  on- the  continuation  of  the  pro¬ 
file  line.  Fig;  2pb  represents  the  same  scheme  on  the  hodo- 
graph  plane  (x,  t)I 

In  the  case  when  dominating  waves  exist,  for  which 
it  is  possible  to  carry  out  a  reliable^  identification  of  the 
phases  of  the  waves  and  without  a  continuous  correlation 
interrelation,  one  can  use  also  a  system  of  observations, 
shown  in. Fig.  26,  consisting  of  two  opposite  systems,  which 
are  correlated  to  each  other  with  the  aid  of  several  over¬ 
taking  traverses;  . 

Correlation  system  of  observations  in  tracing  several 
separation  boundaries.  Usually  under  real  conditions  one 
traces  not  one  but  Several  refracting  levels.  The  regions 
where  the  waves  can  be  traced,  corresponding  to  these 
levels,  as  a  rule  do  not  coincide.;  In  those  cases  it  is 
necessary  to  choose  such  a  system  of  observations,  which 
would  bo  complete  from  the  correlation  point  of  view  for 
waves  corresponding  to  the  boundary  that  represents  the 
boundary  of  greatest  prospecting  interest,  and  which  would 
bo  if  possible  more  or  loss  complete  for  other  boundaries, 
of  lesser  interest.  Sometimes,  at  a  small  number  of  separa¬ 
tion  boundaries  (two  or  throe)  it  becomes  possible  to  obtain 
completely  interrelated  systems  of  observations  for  all  waves 
for  the  sane  shooting  scheme  of  the  profile.  An  example  of 
such  a  scheme  for  the  case  of  two  boundaries  is  shown  in 
Fig.  27.  The  region  of  traceability  of  the  first  wave  in 
this  example  is  located  in  the  interval  from  A  to  B,  and  in 
the  second  from  A'  to  B' ,  The  second  wave  on  the  interval 
A* 3  will  be  traced  in  the  form  of  succeeding  waves,  and  in 
the  interval  BB'  in  the  form  of  first  waves. 

In ' compilation  of  the  system  of  observations  in  the 
case  of  simultaneous  tracing  of  waves  corresponding  to 
several  refracting  levels,  it  is  necessary  to  attempt  to 
locate  the  explosion  points  in  such  a  way,  that  the  mutual 
points  of  the  holographs  of  the  wave  and  the  regions  of  over¬ 
lap  of  the  overtaking  holographs  begin  outside  the  zone  of 
interference  of  the  observod  waves,  for  in  this  region  the 
correlation  of  waves  on  the  seismograms  may  not  be  reliable 
and  the  overtaking  holographs  nay  not  bo  parallel  to  each 
other. 

It  is  necessary  to  prospect  on  one  in  the  same  profile 
deep  and  shallow  separation  boundaries  simultaneously  (for 


example,  when  in  the  investigation  of  a  deep  boundary  it  is 
necessary  to  take  account  of  the  refraction  on  a  non-hdrizon- 
tal  intermediate  boundary),  then  in  tracing. the  shallow 
boundary  the  observations  are  carried  out  from  one  system 
of  explosion  point's,  located  more  densely,  and  in  tracing 
the  deep  boundary  --  from  another,  less  donsb  system  of 
points  of  explosion,  wherein  several  of  the  explosion  points, 
naturalljr,  are  used  simultaneously  in  both  systems.  Some¬ 
times  in  tracing  boundaries  located*  ovorp’a  wide  range  of  . 
depths  on  one  in  the  same  profile,  it  becomes  necessary 
to  traverse  this  profile  in  practice  not  once  but  twice. 

One  oxamplo  of  the  scheme  of  observations  for  ihe  case  of 
investigation  of  shallow  and  deep  separation  boundaries  is 
shown  in  Fig.  28.  The  system  of  observations  for  a  shallow 
separation  boundary  consists  hero  of  opposite  and  overtaking 
traverses,  such  as  to  insure  the  construction  of  continuous 
opposite  summary  hodographs.  .  The  system  of  observations  for., 
a  doom  boundary  consists  of  two  opposite  traverses  from 
explosion  points  Oj  and  Og,  It  is  supplemented,  by  over-  , 
taking  traverses  il.*  and  3B.f  from  external  explosion  points 
Oq  and  Oy.  •  v 

Length  of  longitudinal  profiles.  The  maximum  length 
of  longitudinal  profiles,  intended  for  production  of  a  sec¬ 
tion  at  a  definite  depth,  depends  on  the  placement  of  the 
region  of  traceability  of  the  wave,  corresponding  to  the 
deepest  of  the  investigated  levels,  and  is  equal  to  a  dis¬ 
tance  botwocn  the  points  of  explosion,  from  which  the 
opposite  hodographs  are  obtained,  interrelated  by  mutual 
points  and  insuring  the  plotting  of  the  refracting  separation 
boundary.  In  the  case  of  weak  velocity  differentiation  of 
the  investigated  boundaries,  the  length  of  such  a  profile 
may  reach  magnitudes  of  10  to  15  times  the  depth  of  the 
location  of  the  boundary.  * 

■'Distance 'between  seismographs.  The  distance  between 
the  seismographs  on  the  longitudinal  profiles  should  bo'- 
selected  in  such  a  way,  as  to  insure  reliable  continuous 
correlation  of  phases'  of  the  observed  waves  between  two 
neighboring  points  of  observations.  The  choice  of  distances 
between  instruments  depends  on  the  frequency  of  the  vibra¬ 
tions  registered,-  on  the  magnitude  of  the  apparent  veloci¬ 
ties  V*  of  wave  propagation.  In  this  case  the  maximum  dis¬ 
tance  x=TV*/2,  whore  T  is  the  predominating  period  of  the 
regular  waves.  Experience  has  shown  that  at  frequencies  on 
the  order  of  20  —  50  cycles  and  apparent  velocities  of 
3  --  4  km/ sec  the  spacing  between  seismographs  can  bo 
assumed  to  b,e  25  —  50  meters;  under  particularly  favorable 
conditions  it  may  be  increased  to  100  meters.  In  an 


investigation  of  small  depths*  on  the  order  of  100—200 
motors,  when  the  frequencies’  employed' Amount  to  usually 
50  — 70  cyclos,  the  spacing  between  seismographs  should  bo 
roducod  to  10  or  15  motors*  It  is  necessary  to  bear  in 
mind  that  under  complicated  geological  conditions  it  becomes 
frequently  necessary  to  develop  more  detailed  system  of 
observations;  in  these  cases  the  spacing  between  seismo¬ 
graphs  may  be  reduced;  at-  frequencies  of  20  —  50  cycles 
approximately  to  15;  20  motors,  and  at  frequencies  50  — 

70  cycles  to  5'—*  10  rioters. 

Table  4  gives  data  on  the  distances  between  the  points 
of  explosion  and  the  seismographs,  used  in  work  with  CMRW 
in  various  regions. 

.  Table  4 

■  \  •  • 

'  i  •  •  v 

Distance  between  points  of  explosion  and  the  seismographs 


Region 


Azerbaydzhan 

Belorussia 

Bashkiriya 

Kuzbass 


Distance  bet-  Interval  of 


Depth  of  "•  ween  explosion  shooting  from 
prospecting  points  one  explosion 


0-4  3  0-10 
0-2.5  2  0-12 
0-0.2  0.3-0. 5  0-3 


Distances  between  Distance  between 
Region  seismographs  on  seismographs  on 

longitudinal  profile  transverse  profiles 


Azerbaydzhan 

Belorussia. 

Bashkiriya 

Kuzbass 


50-100  200-800 
50  50* 

25-50 
10-20 


*In  passing  through  the  transvorso  profiles  in  this  region, 
the  same  distances  were  used  as  in  longitudinal  profile. 

They  could  not  bo  increased  for  technical  causes.  The  seismic 
conditions  have  permitted  an  increase  in  those  distances  to 
100  —  150  meters.  ••  • 


Placement  of  longitudinal  profiles.  In  tho  choice 
of  the  placement  of  reference.  longitudinal  profiles^ 
intended  for  carrying  out  complete  quantitative  intorp rota¬ 
tion  of  tho  hodographs  —  tho  exact  dototn-in&ti  on  of  tho 
limiting  Velocities  and  tho  absolute’ depths  of  the  layers', 
it  is  necessary  to  chooso  whore  possible-  sections  with  simple 
geological  structures.  Steeply  dropping'  separation  bounda¬ 
ries,  sharp  angular  disagreement:  between  layers,  etc.,  may 
complicate  the  seismic  picture  and  make  it  impossible  to 
carry  out  reliable  quantitative  interpretation* 

If  the  layers  slope  downward  at .considerable  angles 
(approximately  8  *•-  -10°  and  more)  such  longitudinal  refe¬ 
rence  profiles  aro  best  placed  along  the  direction  of  the 
principal  levels;  on  those  sections  whore  the  geological  and 
geophysical  data  give  grounds  for  expecting  sufficiently 
gentle  arrangement  of  tho  principal  refracting  separation 
boundaries  along  the  profile. 

1  study  of • the  features  of  tho  geological  structure 
of  .s.tpep..  slopes., ..  K.ing.3,. of  ..p.Q.ric.llnal  endings.. .of... foldings,  .  .. 
fault  lines,  etc.,  is  carried* out  with  the  aid  of  tho  system 
of  longitudinal-  (not ‘reference)' profiles,-  and  also  trans¬ 
verse  profiles,  the  interpretation  of  data  by  which  is 
partially  based;on..ro„sul.ts  obtained,  frog  Reference  profiles 
which  are  traced  under  simpler  conditions. 

4.  Won-longitudinal  Profiles 

Systems  of  observation  with  non-longitudinal  profiles 
are  considerably  simpler .than  those  with -longitudinal  onos. 
Non-longitudinal  profilog,,a;ro,  psqally  .traced  from  one,  two, 
and  more  . .rarely  from  ■  several,  explpsi.on  :points. 

Placement  of  non-longitudinal  profiles.  Non-longitu¬ 
dinal  profile s  are.  placed  .in. .regions  -of  traceability  of 
waves,  corresponding  to  the  prospected  refracting  level. 

This  detormihos  the'  .distance  "from  the  hoh- longitudinal 
profile  to  the  point  of  explosion,  from  which  this  profile 
is  shot.  "The' optimum  'distance  from  the" point  of  explosion 
to  the  non-longitudinal  profile  is  determined  on  the  basis 
of  consideration  of  seismograms  and  hodographs,  obtained 
on  tho  longitudinal  profile.  The  longitudinal-profile 
station,  throug;h  which  tho  non- longitudinal  profile  is 
drawn,  particularly  a  transverse  profile,  is  selected  in 
tho  region  of  tho  most  favorable  ratio  of  the  sharpness  of 
the- traceability  of  a  given  wave  on  the  seismograms, 
obtained- with  the  longitudinal  profile.  : ; 

If  the- entire  scheme  is  developed  '(the  network  otb, )  ' 
of  longitudinal  profiles,  then  all  those  profiles  are  so 


placed,  that  thoy  fit  within  the  region  of  traceability  of 
the  wave  of  interest  to  us.  ‘ 

If  the  non-longitudinal  profile  or  the-  system  of 
such  profiles  are  intended  for  tracing  not  one  but  several 
waves,  then  the  places  of  'the  explosion  points,  from  which 
the  various  waves  are  registered,  •  arc  so' chosen  that  the 
given  profile  or  system  are  located  in  the  regions  of 
traceability  of  all  these  wave si  • 

The  most  widespread  form  of  non-longitudinal  pro¬ 
files,  as  already  mohtidried>  abo  transverse  profiles,  i.o,, 
those  perpendicular  to  the  linos  of  the  longitudinal  pro¬ 
files.  The  transverse  profiles  make  it  possible  to  obtain 
clearer  data  at  sufficiently  angles  of  inclination  of  the 
prospected  refracting  layers,  and  therefore  an  attempt  is 
made  to  locate  them,  in  contradistion  to  the  longitudinal 
profiles,  not  along  the  extent,  but  across  the  extent  Of 
the  layers.  ; 

In  investigation  of  deep 'separation  boundaries  it  is 
advantageous  to  shoot  the  transverse  profiles  from  two 
points  of  explosions,  located  from  both  sides  of  the 
profile.  In  connection. with  the  existence  of  a  seismic 
drift*  this  malic s  it  possible  to  obtain,  by  shooting  only 
a  single  transvorso  profile,  information  on  the  behavior 
of  the  separation  boundary  not  along  a  single  lino,  but  over 
a  certain  area.  - . 

In  choosing  points  for  explosion  points,  from  which 
transvorso  profiles  are  shot,  it  is  desirable  to  avoid  such 
a  placement  of  the  profile  and  the .explosion  point,  as  would 
make  the  refracting  boundary  experience  a  sharp  drop  from 
the  point  of  explosion  in  the  direction  towards  the  points 
of  the  transverse  profile.  In  this  case  the  magnitude  of 
the  seismic  drift  roaches  largo  values,  and  its  determination 
becomes  unreliable. 

The  placements  of  the  non-longitudinal  profiles, 
particularly  transvorso  profiles,  depends  in  this  specific 
case  on  the  problems  which  thoy  .are  called  upon  to" solve. 

Lot  us  consider  those  problems  and  the  corresponding 
methods  of  placement  of  non-longitudinal  profiles. 

1.  Prospecting  of  zones  adjacent  to  longitudinal 
profiles.  If  the  non-longitudinal  profiles  cover  a  zone 
adjacent  to  longitudinal  profile,  they  are  most  frequently 
made  transverse,  i.o.,  they  are  placed  perpendicular  to  the 


•’■Drift  > —  distance  between  horizontal  projection  of  the 
points  where  the  seismic  ray  leaves  the  refracting  layer, 
and  the  point  of  observation  of  this  ray  on  the  surface  of 
the  earth. 


longitudinal  ones.  Explosions  in  these-  cases  arc  carried 
out  at  those  points,  which  serve  as  the.  joints,  of  explosion 
in  shooting  the  latitudinal  profile. 

•  2.  Reconnaissance  investigation  of  a  giv-^n 
including  those  sections  of  the  area,  which  arc  located  at 

a  considerable  distance  from  the  ^ rSn^B^stons 

solvin'*  reconnaissance  problems  one  uses  different  sys 
of  oorooiatoa  Profiles,  shot  both  fron  ono  and  from  jovorol 
cLloSon  points.  The  -lr.cos  of  location  of  tho  profiles 
arS  iotoralnod  hy  tho  rigion  of  traceability  of  tho  wavos 

of  intorost  in  the' prospecting.  ^d’l^itudinal^ro- 
region  arc  established  in  shooting  the  longitudinal  pro 

files.  TnvGstif-ations  of  those  sections  of  longitudinal 
profiles’ which  cannot  bo  plotted  with  the  aid  of  longitudina 
shooting.  In  some  cases  the  structures  of  the  medium 
angles  of  inclination  of  refracting,  boundaries, 
stoeoly  dfsconfing  separation  boundaries  of  .different  rocks 
in  a  layer  under  the  refracting  boundary,  otc. >,  longitudinal 
profiles  located  for  various  realise  s  in  the  direction  of 
descent  of  the  layers  nay  yibld  complicated  material, 
which  is  not  amenable  to  interpretation.  In  tho so . case s 
the  individual  sections  of  longitudinal  profilos  can  bo 
investigated  in  addition  with  the  aid  of  transverse  shooting 
fron  explosion  points  located  on  tho  side  of  the  longi  .. 

nal  _.r  ^  transverse  shooting  of  the  sections  of  the  : 

longitudinal  mrofilo  is  carried  out  for  purposes  of  d^ter- 
nining  the  relief  of  the  refracting  boundary  jiong  the  lino 
of  tho  longitudinal  nr of lie ,  then  for  tho  no st  reliable 
identification  of  the  waves,  which  are  traced  by  ^oans 
both  tho  longitudinal,  and  transverse  shooting ’^J^0003 
sarv  to  nrovido  for  a  corresponding  correlation  inter 
relation  between  the  observations. .  ^ ^sip|lcs r^this 
of  such  an  interrelation  is  shown  in  Flo*  29. 
cose  the  interrelation  is  realized  with  tho  aid  of  cn 
interrelating''  profile.,  traced  Iron  the  point  of  explosion, 
on  a  longitudinal  profilo  /2i/ • 

4.  Correlation  between  individual  profiles  ana  sys¬ 
tems  of  observation.  With  the  aid  of  non-longitudinal 
nrofilos  itis  most  economical,  fron  the  point  of  view  of 
volume  of  work,  to  correlate  the  individual  profiles  an 
observation  systems.  Examples  of  the  use  of  non-longi- 
tudinal'  profiles  for  correlation,  between  systems  of  obser 

vations  arc  shown  in  Fig.  29  --  31.  _  ,  ; 

Fig.  30  shows  an  example  of  interrelation  with  the 

aid  of  non-longitudinal  profiles  of  two  longitudinal 


profiles.  Fig.  31 ' shows  the  interrelation  of  two  trans¬ 
verse  profiles,  while  Fig.  32  shows  the  interrelation  bet¬ 
ween  the  longitudinal  -and  transverse  profiles. 

Tho  correlation  between  two  separated  sections  of 
area  measurements  consists  of  correlation  between  any  two- 
profiles,  which  enter  into  tho  ays ten  of  observations, 
employed  in  these  sections. 

¥p  note  that  tho  rolo  of  the  connecting  longitudinal 
profiles'  is  not  restricted  neraly  to  .the  correlation  bet¬ 
ween  observations^  Those  profiles  are  used  later  on  in  the 
interpretation  (for  Construction  of .  sections,  structural 
nans," etc.)  just  as  any  other  longitudinal  profiles  which 
are  included  in  tho  general  network  of.  observations. 

Length  of  non-longitudinal  profiles.  Tho  length 
of  a  non-longitudinal  orofilo  is  dotprninod  by  the  region 
of  traceability  of  tho  waves.  Tho  length  of  a  transverse 
•profile,  along  which  the  sections  are  plotted,  depends 
substantially  on  the  angle  of  inclination  of  the  separation 
boundary*  At  largo  Inclination  angles  (above  lb  —  1 5° ) 
it  is  roc  emended  to  use  transverse  profiles  (Fig.  33 )» 
tho  lengths  of  which  on  both  sides  of  tho  base  of  a  per¬ 
pendicular  drop  front  the  profile  to  the  point  of  explosion, 
does  not  exceed  tho  length  R  of  this  perpendicular.  At 
snail  angles  of  inclination  (less  than  10  or  .T5°)  length 
of  tho  transverse  profiles  can'  in  practice -be  as  largo  as 
convenient.  If  it* is  necessary,  in  the  case  of  largo  angles 
of  inclination,  to  obtain  a  long  transverse  profile,  it  is 
roc  on  "tended,  with  observance  of  tho  foregoing  conditions, 
that  tho  transverse  profiles  be  "broken  up"  with  increasing 
distance  fron  .tho  base  of  the  perpendicular,  as  shown  in 
Fig.  33. 

Distances  between  soisnoaranhs.  The  distance  bet¬ 
ween  no i ghb oring  sc ism ograph s  on  longitudinal  profiles  is 
chosen  on  the  sane,  basis  as  that  for  longitudinal  profiles. 
This  distance  should  not:  bo  too  largo,  so  as  to  Insure 
sufficiently  reliable  correlation  botwcon  the  waves  that 
arrive  at  tho  neighboring  soi si ograph s,  and  also  to  insure 
sufficiently  detailed  solution  of  prospecting  problems.  At 
the  same  time,  for  economic  reasons,  this  distance  is  made 
as  large  as  possible:. 

In' view  of  the  specific  features  of  tho  placement  of 
tho  non-longitudinal  and  particularly  transverso  profiles, 
at  which  tho  increment  and  the  distances  from  the  point  of 
explosion  to  the  seismographs  located  at  neighboring  points 
of  the  transverso  profile  are  as  a  rule  loss  than  on  the 
longitudinal  profile,  tho  distanco  between  neighboring 
seismographs,"  insuring  reliable  continuous  correlation- of 


tho  phases  of  tho  waves  on  the  transverse  profile,  can  bo 
increased  by  a  factor  of  2  --  4  comparod  with  similar  dis¬ 
tances  on  the  longitudinal  profile.  Table  4,  given  above, 
contains  data  on  the  distances  between '  seism pgrpphs  and 
transverse  profiles,  used  when  working  with  CKRW  in  different 
regions. 

The  simplicity  of  the  systems  of  observations  used 
on  longitudinal  profiles  and  the  possibility  of  considera¬ 
bly  increasing  the  distances  between  the  so i subgraphs., 
servo  as  important  advantages  of  non-longit.Udinal  profiles 
compared  with  longitudinal  ones  when  these  aro  used  in’  area 
measurements,  particularly  in  tho  prospecting  of  deep 
separation  boundaries. 

5.  Systons  of  Observations  at  Different  Typos  of 
Seismic  Measurements. 

Lot  us  consider  systems  of  osorvations  with  tho  aid  • 
of  longitudinal  and  transverse  profiles,  which  aro  used  in 
route  or: area  measurements  to  solve  various  geological 
prospecting  problems. 

Route  measurements.  'In --route- measurements,  the 
purpose  of  which  is  to  study  the  geological  section, 
longitudinal  profiles  arc  used  preferable. 

Depending  on  the  length  of  the  route,  the  geological 
structure  of  tho  region,  and  the  necessary  detail  with  which 
the  investigations  arc  to  be  performed,  tho  longitudinal 
profiles  are  traced  either  over  the  entire  length  of  the 
route  (continuous  profiling)  or  are  located  only  on 
individual  separated  intervals  of  this  line  (seismic  sound¬ 
ing). 

In  tho  case  of  inclined  separation  boundaries  and 
largo  depth  of  the  refracting  horizons,  longitudinal  pro¬ 
files  are  best  supplemented1  with  transverse  '’cross”  profiles 
both  for  the  determination  of  the  true  direction  of  the  drop 
in  tho 'layers,  as  well  as  for  supplementary  clarification 
of  the  most  complicated  or  most  ‘ interesting  (from  the 
geological  point  of  view)  sections,  disclosed  on  the 
longitudinal,  profiles. 

The  distance  between  crosses  of  tho  profiles  on  tho 
longitudinal  profile  is  dictated  by  the  necessary  degree 
of  detail  of  the  investigations  and  is  in  direct  relation¬ 
ship  to  the  angles  of  inclination  of  separation  boundary 
encountered  in  the  given  region.  ’  If  the  angles  of  inclina-  ■ 
tion  at  depths  of  two  or  three  kilometers  do  not  exceed 
5  —  10°,  it  is  possible  to  place  the  "crosses”  approximate¬ 
ly  every  ton  or  15  kilometers  from  each  other.  At'. largo 
angles  of .  inclination,  the  number  of  "crosses"  must  bo'  ‘ 
increased. 


study  of  lateral  inclination  of  separation 
boundaries  (relative  to  the  line  of  longitudinal  profile) 
with  the  aid  of  transverse  profiles  is  necessary  not  only 
to  make  in  a  clear  representation  of  the  elements  of 
location  of  these  boundaries  along  the  route,  but  also 
in  order  to  obtain  a  definite  position  of  the  surface,  to 
which  the  section  along  the  longitudinal  profile  is  to  bo 
referred;  at  large  lateral  inclinations  this  surface  cannot 
bo  considered  a  vertical  surface. 

The  length  of  tho  transverse  orb  as  profiles  In  route 
measurement  may  bo  equal  te  the  length  of  one  or  two 
smacinga  between  seismographs* 

Area  measurement.  In  area  measurement  —  roeonnais- 
sance  or  detail  —  tho  observations  are  chrhiod  out  with 
tho  aid  of  networks  of  nrofilos;  (Che  choice  of  a  given 
network  of  nrofilos  and'  systems  of  observations  based  oil 
such  profiles  demons s  on  tho  character  of  tho  geological 
problems  and  on  the,  requirement s  aS  regards  details,  which 
must  bo  not  in  tho  prospecting. 

One  distinguishes  among  several  types  of  profile 
systems,  used  in  area  measurement.  Lot- us  stop  to  consider 
them  in  connection  with  tho  conditions  and  problems  of 
tho  prosoecting, 

1.  Area  prospecting  with  tho  aid  of  a  not  of  longi¬ 
tudinal  orofiles.  in  tho 'pro spec ting  of  small  depths  in 
regions  with  approximately  horizontal  deposition  iof;  layers 
(angles  of  inclination  not  more  than  10. or  1 5° )  ono,  Uses  in 
area  measurements  a  network  of  longitudinal  profiles,  on 
which. are  obtained  correlation  of  observations,  sufficient 
for  tho  construction  of  seismic  sections,  Ono  usually 
tends  to  create  a  more  or  loss  regular  rectangular  not  of 
orofiles,  uniformly  covering  tho  entire  area  investigated. 

The  interrelation  of  tho  data  obtained  in  individual 
orofiles  is  carried  out  during  tho  process  of  interpretation, 
based  on  values  of  tD  (see  Chapter  V)  at  the  point  of  inter¬ 
section  of  tho  profiles  and  based  on  tho  values  of  the 
boundary  velocities. 

The  use  of  a  system  of  longitudinal  profiles  makes 
it  possible  to  commlle  not  only  the  structural  maps  of  the  . 
Investigated  level,  but  also  maps  of  boundary  velocities, 
which  under  tho  conditions  of  facial  or  other  variability 
of  rocks  over  tho  area  may  bo  of  groat  interest  to  goolo- 
gists. 

2.  Area  measurements  with  the  aid  of  a  system  of 
longitudinal  and  non-longitudinal  profiles.  In  the  pros¬ 
pecting  at  medium  and  largo  depths,  in  tho  -case  of  media 
which  are  close  to  being  horizontally  stratified,  and  also 
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in  seismic  napping  of  steeply ' descending  layers  with  largo 
velocities  under  not  too  thick  a : layer  of  loose  deposits,  it 
is  advisable  to  use  nets  of  profiles,  consisting  of  a 
partially  or  completely  correlated  system'-,  of  longitudinal  ., 
and  non-longitudinal  profiles, .  In  area  prospecting  of 
media  which  are  nearly  horizontally  stratified,  the  longi¬ 
tudinal  profiles  represent  a  reference  network,  to  which.  ' 
are  related  the  non-longitudinal  profiles.  The  number  of 
reference  profiles  depends  on  the  dimensions  of  the  inves¬ 
tigated  area  and  on  the  detail  to  which  the  measurements 
are  carried  out.  In  reconnaissance  area  measurements  of 
a  definite  section,  it  is  usually  possible  to  restrict 
oneself  to  two  or  three  reference  profiles  with  a  loose 
network  of  longitudinal  profiles  vrhich  are  placed  at  such' 
distances  from  each  other  so  ab  not  to  leave  out  unknown, 
structures  or  other  peculiarities  of  the  geological  stru.c-  : 
turo. 

In  detail  measurements,  the  profile  network "must .be 
such  as  to  insure  the  possibility  of  reliable,  correlation, 
tracing  of  the  waves,  corresponding  to  the  boundaries  of 
interest  to  us,  and  a  sufficiently  detailed  clarification 
of  all  the  principal  details  of  the  investigated'  structures. 
The  systems  of  non- longitudinal  profiles  are  placed  in  this 
case  in  such  a  way  as  to  insure  closed  correlation  traverses 
of  observations.  ./  ' 

The  interrelation  of  .the  observations  obtained  in 
individual  profiles  at  a  given  type  of.  measurement  is 
carried  out  during  the  procoss  of  the  measurement  itself, 
by  realizing' where  possible  continuous  correlation  observa¬ 
tion  schemes.  ‘  •  ‘ 

. In 'this  typo  of  measurement  the  same  profiles. are 
frequently  covered- simultaneously  both  as  longitudinal  and 
as  transverse  ones,  in  order  to  obtain  a  clearer  picture 
in  places  whore  the  correlation  of  the  waves  is  violated. 

In  area  prospecting  of  steeply  descending, layers 
or  sharp  angular  discrepancies,  and  also  of  tectonic  dis¬ 
turbances  such  as  faults,  which  usually  manifest  them¬ 
selves  more  clearly  in  observations  on  transverse  profiles 
and  on  longitudinal  ones,  use  is  made  of  various  systems  of 
longitudinal  and  non-longitudinal  profiles. 

In  the  prospecting  of  steeply  descending  layers, 
which  lie  under  a  layer  of  loose  rocks  of  small  thickness 
(100  —  200  meters),  ono  determines  the  depth  and  relief 
of  the  surface  of  crystal  rocks,  places  of  vortical  contacts 
and  also  the  boundary  velocity  in  steeply-descending  layers 
with  the  aid  of  longitudinal  profiles,  located,  across  the 
extent  of  the  layers.  The  tracing  of  lines  of  vortical 


contacts  is  usually  realized  with, the  aid  of  transverse 
profiles,  located  also  across  the  extent  of  the  layers. 

In  investigation  of  faults  (or,  in  general,  of 
steps*)  the  fault  lino  is  usually  napped  with  the  aid  of 
transverse  profiles,.  located  a.cross  the  extent  of  ...the 
fault  (Fig."  34).  The  amplitude  of  the  fault  is  do  to  mine  a 
with  the  aid  of  longitudinal  profiles,  located  across  the 
fault  lino  and  extending  sufficiently  far  on  the  raised 
and  dropped  branches  if  the  faults*  whore  a  complex  wave 
oat torn"  is  no  longer  observed  (FigS.  34,  Long  1  and  Long  2). 
In  tracing  those  profiles  it  is  nocossary  to  bear  in  hind 
that  at  explosion  points  located  over  the  raised  branch, 

3110  obtains  c ,  clearer  picture  of  the  wa.V os*  chara-ctcrizing 
the  fault,  then  if  the^ explosion  points  are  located  over  the 
lowered  branch.  To  refine  the  amplitude  of  the  fault  one 
uses  also  longitudinal  profiles,  located  parallel  to  the 
fault  lino  over  the  raised  and 'lowered  branches  (Figs.  34 
Lcnr-  3  and  Long  4).  The  same  profiles  are  used  for 
correlation  between  the  transverse  profiles,  which  refine 
the  position  of  tho  fault  in  plan.  In  shooting  transverse 
■profile 3  one  uses  explosion  points  located  on  longitudinal 
profiles,  located  above  the  raised  and  lowered  branches  of 

the  fault.  .  ,  „ 

3.  Area  measurements  with  tho  aid  of  a  system  of 
profiles  using  explosions  in  the  single  point.  In  the 
investigation  of  structures  in  those  cases  when  the  separa¬ 
tion  boundary  is  located  at  a  considerable  depth  and  the 
region  of  its  tracing  occupies  a  large  area,  it  is  advan¬ 
tageous  to  employ  area  measurements  from  a  single  explosion 
point.  This  "typo  of  measurement  requires  loss  labor  com¬ 
pared  with  other  systens  of  observations. 

Tho  explosion  points,  from  which  one  shoots  tho 
system  of  profiles,  should  insure  tho  possibility  of  carry¬ 
ing  out  largo  number  of  explosions;  it  is  therefore  best 
to  place  it  in  a  natural  body  of  water.'  In  order  for  data 
-)f*  gwcii  an  area  measurement  to  obtain  the  fullest  possible 
interpretation,  this  point  of  explosion  must  bo  placed  on 
a  longitudinal- profile,  from  which  it  is  possible  to. deter¬ 
mine  the  absolute  depths  of,  tho  investigated  boundaries  and. 

the  values  of  tho  velocities.  • 

Non-longitudinal  profiles,  which  make  up  a  not  ox^ 
profiles,  are  located  dense  enough  so  as  to  insure  rclia-olc 

•js-jji  seismic s,  a  stop  is  taJxon  to  moan  a.  radical  shift  in 
depth  of  tho  principal  marking  level.  This  shift  may  or 
nay  not  bo  accompanied  by  a  discontinuity  in  tho  layer, 
such  as  is  characteristic  of  a  fault. 


correlation  of  the  waves  corresponding  to  the  given  boun¬ 
dary.  When  choosing  the  location  of  the  network  of  non¬ 
longitudinal  profiles  in  plan,  it  is  necessary  to  take  into 
account  the  effect  of  the-  seismic  drift,  which  leads  to  a 
displacement  of  the  investigated  portion  of  the  boundary 
relative  to  the  portion  where  the  net  of  profiles  is 
located,  in  the  direction  towards  the  point  of  explosion. . 
This  shift  is  the  greater,  the  deeper  the  boundary.  Fig. 

35  shows  a  system  of  profiles  used  in  measuring  from  a 
single  point  of  explosion.  '  ’dp. 

The  mosuroomont  from  a  single  point  of" explosion 
may  bo  used  not  only  to  determine  the  relief  of  separation 
boundaries,  which  is  done  by  using  methods  of  quantitative 
interpretation  of  seismic  holographs*  but  also  to  separate 
the  regions  that  are  characterized  by  specific  features  of 
the  shape  of  the  recorded  waves  /l 8/, 

Investigation  of  the  zone  of  small  velocities.  The 
procedure  of  shooting  a  zone  of  small  velocities  does  not 
differ  in  CKRW  in  anyway  from  the  same  procaduro  in  the 
method,  of  reflected  waves  /58/»  and  wo  shall  therefore  not 
treat  this  question  separately. 

d  detailed  calculation  of  the  zone  of  small  veloci¬ 
ties  in  CMRvf,  as  in  the  method  of  reflected  waves,  is 
necessary  in  those  coses  when  a  smdll-vel oci ty  zone  changes 
substantially  in  thickness  and  velocity  and  when  conse¬ 
quently  it  is  impossible,  in  the  interpretation  of  the 
holographs  of  the  refracted  waves  corresponding  to  the 
principal  prospected  levels,  to  confine  oneself  to  intro¬ 
ducing  a  certain  constant  correction  for  the  zone; 

6.  Conditions  of  Excitation  of  Oscillations 

To  excite  seismic  waves  one  uses  in  CMRW  explosions 
in  vrolls,  water  rosorvoior,  shot  holes,  excavations,  on 
the  surface,  and  in  the  air.  In  some  cases  (to  solve 
miniature  prospecting  problems)  shocks  can' also  bo  used. 

In  the  rogistratioh  of  the  refracted  waves,  as  in 
the  registration  of  reflected  waves,  the  principal  require¬ 
ments  imposed  on  the  excitation  conditions  are  as  fallows* 
the  oscillations  should  bo  sufficiently  intense  so  that  they 
can  bo  registered  at  those  distances  form  the  point  of 
explosion,-  whieft  may  bo  nosossary  in  the  specific  pros¬ 
pecting  conditions  in  the  given  region.  Sometimes  when 
prospecting  at  a  depth  on  the  order  of  3.—  5  kilometers 
and  more,  those  distances  reach  20  or  30  kilometers.  In 
addition,  it  is  nocossary  to  cite  in  the ' cxplosi on  such 
oscillations,  the  frequency  spectrum  of  which  would  be  most 


favorable  for  the  registration  with  the  aid  of  the^ seismic 
apparatus  used  for  refracted  waves  both  in  the  region  of  , 
the  first  arrivals,  as  in  the  region  of  the  subsequent  ones. 
The  pulse  excited  by  the  explosion  should  be  sufficiently 
short  so  that  one  can  separate  on  the  seismogram  the  rapidly 
refracted  waves.  The  excitation  conditions  should  also 
be  sufficiently  stable,  So  as  to  insure  good  repeatability 
of  the  recording  in  observations  along  the  entire  profile 
or  along  a  group  of  profiles,  for  example,  in ■ measuring 
from  a  single  explosion  point.  .  ".MV.- 

At  the  same  time  experience  shows  that  the  require¬ 
ments  imposed  on  conditions  of  excitation  of  oscillations 
in  working  with  CMRW  can  be  loss  stringent  than  in  the 
rofloctcd-wavo  method.  The  refracted  waves  can  be  always 
practically  oscitod  (by  making  the  explosions  not  only  in 
shot  holes,  but  also  in  wells,  on  the  outside  surface,  etc.), 
whereas  for  excitation  of  reflected  waves,  oven  in  the  case 
of  clear  cut  reflecting  levels,  it  is  usually  necessary 
to  have  in  addition  favorable  explosion  conditions.  This  is 
connected  principally  with  tho  fact  that  for  reflected  waves, 
which  are  usually  traced  in  the  region  close  to  the  oxplosion 
mints,  tho  surface  waves  may  strongly  interfere' with  $  or  tain 
othor  waves,  which  as  a  rule  have  loss  velocities  and 
relatively  rapid  attenuation  with  distance?  the  intensity  of 
noise  of  this  typo  depends  greatly  on  the  explosion  condi¬ 
tions.  ,  ,  _  , 

For  refracted  waves,  which  arc  traced  in  the  region 

more  or  less  remote  from  the  m^int  of  explosion,  surface 
and  other  waves  do  not  create. noise,  since  they  occur  much 
later  than  refracted  waves  and  in  addition,  at  largo  dis¬ 
tances,  when  they  have  a  chance  to  attenuate,  ^n^thcr 
cause  of  the  less  stringent  requirements  on  tho  explosion 
conditions  when  working  with  CMRW  lies  in  the  fact  that  tho 
refracted  waves  usually  have  a  lower  frequency  than  the 
reflected  ones,  and  it  is  easier  to  excite  low  frequencies 
with  tho  explosion  than  high  frequencies. 

The  principal  factors  that  influence  tho  intensity 
in  tho  frequency  spectrum  in  the  recording  of  seismic  vi- 
bratimsaro  the  conditions  under  which  the  explosive  charge 
is  placed.  In  explosions  in  shot  holes,  water  reservoirs, 
excavations,  wells,  tho  intensity  and  frequency  spectrum 
of  tho  excited,  oscillations  is  determined  essentially  "be  be 
soismogeological  properties  of  the  rocks  and  tho  place  of 
location  of  tho  charge.  These  properties  include:  velocity, 
density,  plasticity,  humidity  of  the  rocks,  presence  of  a 

level  of  ground  waters,  etc.  .  '  ' 

Experience  shows  that  expiations  in  moist  plastic 
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rocks  (clay,  marl,  etc.)  arc  more  effective  than  explosions 
in  dry’ loose  rocks  (sand,  loess,  etc, ). 

In  addition,  of  great  significance  is  also  the  depth 
of  the  displacement  of  the  charge,  and  in  the  case  of  explo¬ 
sions  in  shot  holes  —  the  water  filling  the  hole. 

In  connection  with  the  groat  variety  of  geological 
structures  of  surface  layers  in  which  the  explosions  are 
usually  effected,' it  is  difficult  to  give  any  specific 
indications  on  the,  degree  of  influence  of  any  particular 
factor  under  various  specific  geological  conditions.  In 
practice  therefore  the  most  favorable  exploslotf  Conditions 
are  chosen  experimentally.  *  "  ’ 

The  extensive  experience  in  seismic  prospecting 
work  makes  it  possible  to  indicate  several  general' premises 
c encoring  shortcomings  and  advantages  of  various  methods  of 
excitation  of  oscillations. 

Explosions  in  shot  holes.-  The  most  favorable  condi¬ 
tions  of  explosion  in  the  sense  of  intensity  and  frequency 
spectrum' of  the  excited  oscillations,  and  also  the  repeatabi¬ 
lity  of  the  form  of  recording,  are  explosions  in  shot  holes  ■ 
filled  with  water,  provided  the  charge  is  embedded  in 
clay  . or  other  plastic  rocks  (marl',  loan,  etc.)  below  the 
level  of  the  ground  water.  When  working  with  CMRW  one 
usually  boros  a  hole  10  to  30  motors  deep,  so  designed  that 
their  faces  are  in  water-resisting  rocks,  which  underly 
the  level  of  the  ground  water. 

Explosions  in; shot  holes  are  used  in  CMRW  most  fre¬ 
quently,  since  In  this  case . the  system  of  profiles  can  bo 
located  in  best  correspondence  with  the  problems  of  the 
prospecting,  unlike  when  the  explosions  arc  carried  out-  in 
natural  water  reservoirs  and  thb  profiles  must  bo  placed 
as  functions  of’ the  locations  of  the  water  reservoirs. 
However,  in  explosions  made  in  shot  holos  it  is  impossible 
to  employ  largo  charges  repeatedly ,  more  than  3  --  5  kilo¬ 
grams,  such  as  are  necessary  for  largo  distances  between  the 
point  of  explosion  and  the  instrument;  after  several  such 
explosions  the  shot  hole  usually  goes  out  of  order,  i.c., 
it  either  caves  in,  or  explosions  in  such  a  hole,  owing  tc 
damage  to  the  walls,  result  in  records  that  have  low  inten¬ 
sity,  and  low.  frequencies  predominate  in  tho  frequency 
spectrum  of  the  oscillations. 

in  example  of  the  variation  of  tho  frequency  spectrum 
of  tho  recording  duo  to  damage  to  the  walls  of  tho  well  is 
shown  in  Fig.  3*oa  and  36b.  Tho  seismogram  in  Fig.  36a  \*as 
obtained  by  explosion  in  an  undamaged  hole,  and  the  seismo¬ 
gram  on  36b  by  explosion  in  a  holb  with  walls  that  wore 
damaged  as  a  result  of  a  large  number  of  explosions.  Both 


seismograms  were  obtained  for  the  same  filtration  of  the 
apparatus.  The  comparison  of.  the  records  from  the  accon-. 
panying  seismograms  .shows  that  in  explosions  in  an  undamaged 
hole  (Fig.  36a)  one  obtains  a  well-resolved  record  with 
the  predominate  frequency  on  the  order  of  6 0  «*-  70,  while 
in  explosions  within  a  damaged  well  (Fig*  36b)  the  recording 
is  poorly  resolved,  and  the  predominating  frequencies  are 
almost  half  the  value  than  in  explosions  with  undamaged 
slnt  hole*  • '  - 

Experiment  shows  that  charges  up  to  3  kilograms ,  under 
favorable  explosion  conditions  in  holes,  insure  the  tracing 
of  refracting  holes  at  distances  up  to  10—  15  kilometers 
from  the  point,  of  explosion.  Usually  these  distances  are 
sufficient  for  prospecting  at  a  depth  of  3  —  5  kilometers, 
with  the  exception  of  regions  with  weak  velocity  differen¬ 
tiation  of  the  rocks,  where  distances  of  10  —  15  kilometers 
can  bo  found  to  bo  insufficient  for  such  depths. 

In  passing  through  long  profiles  or  in  area  measure¬ 
ments  from  a  single  explosion  point,  when  it  is  necessary 
to  make  at  one  in  the  same  point  many  explosions,  one 
usually  drills  not  one,  but  two  or  three  and  sometimes 
oven  more  holes.  When  shooting  longitudinal  profiles  the 
holes  arc  located  perpendicular  to  the  profile  line.  When 
shooting  transverse  profiles  located  at  a  considerable  dis¬ 
tance  from  the  point  of  explosion  (1  —  2  kilometers  and 
more),  the  order  of  placement  of  the  holes  is  immaterial, 
provided  the  distance  between  them  does  not  exceed  3  —  5 
motors.  In  either  case,  when  processing  the  data,  the  times 
of  arrival  of  the  waves  are  suitably  corrected  for  the 
changeover  from  explosion  in  one  hole  to  the  explosion 
in  another  hole* 

The  number  of  necessary  explosion  holes  depends  to 
a  considerable  extent  on  the  distances  between  the  points  of 
explosion  and  the  seismographs,  on  the  procedure  of  observa¬ 
tion,  on  the  conditions  of  placement  of  the  charges,  on  the 
number  of  seismic-receiving  channels  in  the  seismic  stations, 
etc.  Usually  in  observations  with  standard  24-channel  sta¬ 
tions,  with  a  spacing  of  25  —  50  motors  between  seismo¬ 
grams,  the  number  of  explosion  holes  required  is  approxima¬ 
tely  the  same  as  in  the  method  of  reflected  wave s  under  the 
same  conditions.  -It  larger  distances  between  the  point  of 
explosion,  on  the  order  of  5—10  kilometers,  the  need  for 
holes  increases  in  the  CMR¥. 

Explosion  in  water  reservoirs,  Good,  results  are 
usually  given  such  explosions  in  water  reservoirs  both 
closed  (lakes,  streams,  etc.)  as  in  open  ones  (rivers  or 
seas). 


Experience  shews  that  the  points  explosions  should 
bo  placed  in  water  reservoirs  -in  these  places  whore  the 
bottom  is  net  covered,  with  a  thick  layer  of  soot,  since 
such  a  layer  attenuates  considerably  the  intensity  of  the 
oscillations  and  observes  particularly  high  frequency, 
which  loads  to  a  reduction  in  the'  resolution  of  the  method. 

The  chargp s  riust  bo  placed  as  deep  as  possible,  for  in  this 
case  the  intensity  of  the  excited  oscillations  is  conside¬ 
rably  greater  .than  when  the  charge  is  placed'  alPbmall  depth* 

d  considerable  advantage  of  explosions.. in  .water  reser¬ 
voirs  is  the  possibility  of  obtaining  records  ad?.' long  dis¬ 
tances  --  40  or  50  kilometers  --  when  using  relatively  snail 
charges  (10  50  kilogram  of  ammonite).  In  addition,  at 

these  points  it  is  possible  to  carry  out  many  explosions, 
for  example  several* hundreds,  still  insuring  good  repeata¬ 
bility  of  the  records. 

The  principal  shortcoming  of  explosions  in  water. re¬ 
servoirs,  as  already  indicated,  is  the  fact  that  the  choice 
of  the  system  of  observations  is  determined  by  the  location 
of  the  reservoirs,  and.  therefore  as  a  rule  the  water 
points  of  the  cxoloslon  are  used  as  auxiliary  ones,  to  sup¬ 
plement  other  methods  of  placing. of  charges,  for  example, 
explosion  in  bored  boles  .(or  wells,  etc.),  used  in  covering 
the  principal  network  of  profiles.  . 

Substantial  interference  is  produced  when  explosions 
in  water  reservoirs  are  used  by  repeated  shocks,  the  ap¬ 
pearance  of  which  is  duo  to  the.  pulsations  of  the  gas 
bubble  in  the  water,  ..this  bubble  being  produced  as  a  result 
of  the  explosion.  Those  shocks,  the  number  of  which  some¬ 
times  roaches  3,  4,  .or  more,  alternate  in  intervals  of 
several  hundredths  or  several  tenths  of  a  second,  and  are 
superimposed  on  the  record  so  as  to  make  the  decoding  of 
the  seismograms  very  difficult,  bn  example  of  a  seismo¬ 
gram  with  a  clearly  pronounced,  repeated  shock,  is  shown  in 
Pig.  37.  The  considerable  .Intensity  of  the  oscillations 
registered  in  repeated  shocks,  which  exceed  in  some  cases 
the  intensity  of  the  primary  oscillations  duo  to  the  explo¬ 
sion,  is  explained,  as  shown  in  reference  /3S/,  by  the  fact 
that  the  frequency  spectrum  in  repeated  shocks  is  more 
favorable  for  excitation,  of  ref ractod- waves  than  the  explo¬ 
sion  spectrum. 

The  intensity  of .the  repeated  shocks  can  be  attenu¬ 
ated  or  eliminated  entirely  by  varying. the  magnitudes  of  the 
charges  .and  their  depths.  Experience  has  shown,  along  with 
theoretical  calculations,  that  repeated  shocks  have  a  weak, 
intensity  or  vanish  completely  in  explosions  with  a  suffi¬ 
ciently  largo  splash  of  water  (i.e.,  as  the  charge 
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is  increased  dr  as  the  depth  of  burial  is  decreased). 

Records  of  sufficiently  satisfactory  quality  are 
produced  also  by  explosions  in  excavations,  which  arc  cut 
down  to  the  level  of  ground  waters.  „ ,  ■  „ 

Exolo  spoils  in  wells  and.  on  the  surxaco.  In  tne  CoS^^ 
of  explosions: ih  wells  and  on  the  surface,  low  intensity  ana 
low  frequency  oscillations  are  excited  as  a  rule.  Usually, 
oxolosions  of  this  typo  arc  used  in  the  prospecting  for 
shallow  so'oar'ation  boundaries,  when  the  refracted  waves  are 
traced  on  the  seismographs-  essentially  as  primary  w&Vos.^ 
Explosions  in  wells  and  on  the  surface,  in  View  of 
the  large  c onsumption  of  explosive  matter  ana  the  poor 
resolution  of  the  seismic  records,  is  roc onoondod  for  use 
onlv  in  those  cases,  when  for  some  reason  there  is  no  possi¬ 
bility  of  using  other  methods  of  exciting  the  oscillations, 
for  example,  explosions  in  bore  holos  and  water  reservoirs. 

It  must  always  be  borne  in  mind,  here'  that  those  explosions 
nay  not  make  it  oossiblo  to  obtain  sufficiently  resolved 
records  and  may  thereby  limit  the  prospecting -capabilities 
of  the  method. 

Explosions  in  air.  The  results  of  individual 
or-'ori",onts  of  the  application  of  aerial  explosions  in 
o-p orating  with  the  GIIRU,  to  trace  relatively  shallow  (up 
to  one  kilometer)  refracting  levels.  In  prospecting  deep 
levels  aerial  explosions  have  not  yet  been  used.  _ 

;_n  important  advantage  of  explosions  in  air  is  the 
fact  that  in  this  case  there  is  no  need  for  the  cxocnsivo 
drilling  of  explosion  holes.  However,  in  this  case,  as  a 
rule,  it  is  impossible  to  obtain  sufficiently  intense 
records  over  considerable  distances  from  tne  point  of  ^explo¬ 
sion  (“’ore  than  two  or  three  kilometers),  which  restrict 
the ^amplication  of  this  method  of  exciting  oscillations. 

"The  intensity  of  the  record  in  aerial  explosions 
ma^  be  considerably  increased, by  using  a  grouping  of  charges, 
which  in  this  caso  must  bo  placed  at  a  small  distance,  up 
to  3  ....  5  rooters  from  each  other.  For  a  simultaneous 
explosion  of  charges  it  is  necessary  to  employ  in  this  caso 

a  detonating  string.  . 

Site  of  charge.  In  the  G11RH ,  as  m  the  method  of 
reflected  waves,  an  important  role  is  played  by  the  choice 
of  size  of  the  charge  such  as  to  insure  high  quality  suf¬ 
ficiently  intense  records,,  by  which  it  is  possible  to  trace 
the  ways  of  interest  to  us.  The  magnitude  of  the  charges 
defend  "orlmarily  on  the  conditions  of  excitation  of  tne 
oscillations,  on  the  distance  from  the  explosion  to  the 
instrument,  on  the  effective  sensitivity^  of  the  apparatus, 
etc.,  and  is  determined,  experimentally.  For  example,  in  the 
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case  of  orolosions  in  bored  holes  filled  with  water,  .drilled 
in  clay-water- resisting  rocks at  a  distance  of  1.5  or  two 
kilonotors  fron  the  -ooint  of  explosion,  charges  on  the  order 
of  0.2  —  0.5  kilograns  of  annonito  arc  used;  at  larger  . 
distances  fron  the  oxolosion  to  the  instrunent  (up  to  19  — 

12  kilonotors)  pne  uses  in  s one  cases  charges  on  the  order 
of  1  —  3  kilograns  of  annonito. 

Under  particularly  favorable  conditions,  the  size 
of  the  charge  at  sufficiently  large  distances  frin  the 
explosion  to  the  instrunent  (up.  to  S  --  10  kiloheters), 
took  place  for  exanplo  in  Azorbaydzhan  in  1944,  and  does  not 
exceed  0.10  —  0. 1 5  kilograns  of.  annonito  at  holes  10  —  15 

no  tors  deep.  >  ' 

In  explosions  in  water  reservoirs  at  the  sane  distan¬ 
ces,  one  usually  onnloys  s  one  what  greater  charges  (1  —  $  or 
2  tines,  greater).  However,.-  in  sonc  cases,  to  the  contrary, 
noro  intense  records  arc  obtained  during  explosions  in 
water  reservoirs,  then  during-  explosions  in  water  holes,  -*n 
cxannlc  of  this  type  is  shown  in  Fig.  38,  where  the  graph 
illustrates  the  character  of  the  variation  of  the  nagnitude 
of  the  charge  with  the  distance.  This  graph  was  plotted 
fron  data  of  observations,  obtained  with  the  station 
SS- 24-43.  As  can  be  seen  fron  the  graph,  the  naxinun 
charges  at  a  distance  of  eight  kilonotors  do -not  exceed  two 
kilograns. 

-Explosions  in  wells,  in  dry  .excavations,  and  in  air 
require  a  considerable  consumption  of  explosive  natter. 

The  nagnitude  of  the  charge  increases  by  a  factor  of  two  — 
four  conparod  with  explosions  in  shot  holes,,  and  sonetinos 
by  a  factor  of  several  tines  ton. 

It  nust  bo- borne  .  in  nind  that -usually  there  is  a  cer¬ 
tain  relative  Unit  for  the  nagnitude  of  the  Charges  used 
under  different  conditi ons . of  excitation  of  oscillation.  As 
this  Unit  is  past,  a  further  increase  in  the  size  of  the 
charge,  oven  a'  considerable  one,  no  longer  gives  a  noticeable 
increase  in  the  intensity  of.  the  record.  .  In  such  cases,  ,  to 
obtain  a  n ore  intensive  record  it  is  necessary  to- resort 
either  to  essentially  differing  excitation  conditions  (for 
oxanolo,  to  increase  the  depth,  of  the  well ,  i.c, ,  the  depth 
of  burial  of  the  charge),  or  else  it  is. necessary  to  increase 
the  effective  sensitivity  of  the  apparatus  (for  exanplo  by 
using  filtration,  by  using  grouping,  by  inproving  the  condi¬ 
tions  of  installation  of  the  seisnographs,  by  carrying  out 
the  observation  during  that  tine  of  tho  day,  when- there  are 
no  wind  nicrosoisns,  etc.). 

Shocks.  In  sono  cases  in  the  study  of  the  geological 
section  up  to  depths  on  tho  order  of  10  -  30  neters,  for 


example  in  ttyo  investigation  of  surface  native  reclis  under 
"alluvia"  in  connection  with' searching  for  investigations 
under  engineering  structures}  one  can  use  shocks  te  excite 
seismic  waves,  (with  the  aid  ef  a  wooden  hammer,  etc.). 
Experience  shows  that  in  the  case  of  shocks  one . oh serves 
for  the  most  mart  well  resolved  oscillations,  which  can  be 
traced  at  distances  up  to  150  —  200  motors  from  the  point 
of  the  impact,  ihis  method  of  excitation  of  oscillations 
makes  it  possible  td  produce . multiply  repeated  impacts, 
of  equal  forep,  which"  is  very  important  in  studying  the 
dynamic  features  of  the  waves*  In  this  case  the  impacts 
are  produced  by  throwing  a  heavy  load  weighing  50  -  100 
kilograms  from  one  in  the  same  altitude, 

-  "  In  order  to  prevent  the  jars  that  are  produced 
during  the  instant  when  the  load.  is  cast  off,  from  being 
transmitted  to  the  ground,  the  latter  is  suspended  from  a 
stationary  mass  to  a  mechanical -filter,  which  represents 
a  spring  with  additional  load. 

The  instant  of  the  impact  is  noted  by  recording  it 
with  the  aid  of  special  receiver,  located  in  the  base  on 
which  the  load  falls.  The  simplest,  method  of  noting  the 
instant  of  the  impact  is  used  for  this  purpose  of  the  record 
of  the  seismograph,  located  near  the  point  of  impact. 

7.  Conditions  of  Installation  of  the  Seismograph 

It  has  been  shown  experimentally  that  certain  methods 
used  in  practice  of  installing  seismographs  are  not  satis¬ 
factory/  Those  include  primarily  the  mounting  of  the  seis¬ 
mograph  directly  on  the  layer  of  the  ground,  rather  than  in 
wells  filled  with  earth,  mounting  on  the  muddy  layer,  on 
solid  crystalline  and  sodimontati on-notan orphlc  rocks,  and 
also  all" those  cases  when  incomplete  contact  is  produced 
between  the  bottom  of  the  seismograph  and.  the  earth.  In 
those  cases,  both  in  mounting  on  different  rocks  and  in 
mounting  on  the  same  rocks,  one  usually  observes  the  influ¬ 
ence  of  the  condition  of  the  mounting  of  the  seismographs 
on  the  character  of  the  seismic  records,  manifesting  itself 
--'rimarily  in  the  dependence  of  the  predominant  frequency  and 
amplitude  of  the  registered  oscillations  under  the  condi¬ 
tions  of  mounting  of  the  seismographs,  and  secondly  in  the 
fact  that  the  seismic  records  become  complicated  to  a  con¬ 
siderable  degree  by  the  presence  ef  various  kinds  of  inter¬ 
fering  oscillations,  principally  the  following:  a)  micro- 
seisms  and  b)  natural  oscillations  in  the  resonant  system,  . 
which  is  formed  by  the  earth  and  the  seismography  mounted  on 
its  surface.  The  interfering  oscillations,  being  super- 
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imnosed  on  the- record  on  the  traced  waves,  cause  .phs.se 
shifts  to  he  produced  in  the  oscillations,  and  those  phase 
shifts  are  not  tho  same  for  tho  different  channels.  This 
doterioratos  considerably  the  resolution  of  the  record  and 
makes  it  difficult  to  correlate  the-  seismograms. 

The  effects  of  the  conditions  of  spi sinography 
mounting  oh  the  seismic  records  play  a  considerably  smaller 
role  compared  with  the  influences  of  the  explosion  condi¬ 
tions,  but  nevertheless  their  well  becomes  quite; substan¬ 
tial  in  some  cases,  and  one  cannot  neglect  this  factor. 
Therefore  in  carrying  out  work  on  CMRW  it  is  necessary  in 
all  cases  to  strive  for  good  contact  between  the  bottom  of 
tho  seismograph  and  the  earth;  the  seismographs  should  as 
a  rule  be  mounted  in  wells  which  are  then  filled  with 
earth,  and  methods  of  the  installation  should  be  uniform 
over  the ■ entire  profile.  The  seismographs  must  be  mounted 
under  identical  conditions,  avoiding  installation  of  indi¬ 
vidual  seismographs  on  roads,  paths,  mounds,  ditches, 
wells,  etc.  It  is  best  to .mount  seismographs  on  the  side 
of  such  places,  preferably  in  a  direction  perpendicular  to 
the  line  of  profile  on  longitudinal  profiles  it  and  along 
the  profile  in  transverse  profiles.  To  reduce  the  back¬ 
ground  of  microsoisms  due  to  the  wind,  the  seismographs  must 
not  bo  placed  near  bushes,  single  trees,  etc.,  for  noar  such 
places  there  is  a  very  high  level  of  wind,  microsoisms  (in 
very  dense  forests  tho  level  of  microseisms  is  usually 
low).  In  order  to  eliminate  sources  of  wind  microsoisms, 
the  load  in  wires  of  the  seismographs  should  always  lie. 
on'  tho  ground,  and  hot  hang  on  the  grass,  etc.  If  these 
rules  are  observed,  it  is  always  possible  to  reduce  conside¬ 
rably  the  microsoism  background,  to  average  the  conditions 
of  installation  of  tho  seismographs  along  tho  profile,  and 
to  increase  tho  effective  sensitivity  of  the  apparatus,  which 
is  particularly  significant  when  working  at  large  distances 
from  tho  point  of  explosion. 

To  average  the  conditions  of  the  installation  of  the 
seismographs  and  to  reduce  the  background  of  microsoisms, 
thereby  increasing  tho  effective  sensitivity  of  tho  appa¬ 
ratus,  it  id  also  possible  to  employ  grouping  of  seismo¬ 
graphs.  However,  in  this  case  the  performance  of  field 
observations  becomes  very,  complicated,  and  in  this  connec¬ 
tion  the  grouping  is  used  only  in  those  cases,  when  other, 
simple  measures  do  not  insure  the  production  of  satisfac¬ 
tory  records. 

¥e  consider  below  in  detail  the  nature  and  the 
character  of  tho  interfering  oscillations,  duo  to  resonance 
in  the  earth- seismograph  system. 


Tho  form -of  tiio  froquoncy  characteristic  of  such  an 
oscillating  system  doponds  on  the  magnitude  of  the  total 
mass  and  radius  of  tho  base  of  tho  seismograph}  and.  also  on 
tho  magnitude  of  the  velocity  of  tho  longitudinal  waves 
and  on- tho  density  in  the  small  so-called  contiguous  layer 
of  oarth  on  which  tho 1 seismograph  is  mounted  /47/.  Expe¬ 
rience  and  theoretical  Calculations  have  shown  that  the 
resonant  frequency  of  the  Cystom  is  tho  lowest  for  small 
values  of  tho  base  radius  and  large  weight  of  the  seis¬ 
mograph.  As  tho  radius  of  tho  babe  is  increased  and  as 
the  weight  of  the  seismograph  is  decreased}  the  frequency 
increases.  Therefore ,  in  order  to  shift  the  resonant  fre¬ 
quency  of  tho  earth- seismograph  -system  to  the  outside  of 
tho  worhing  band  of  the  froquoncy,  towards  tho  higher  fre¬ 
quencies,  and  thus  eliminate  the  iiuluonce  of  the  condi¬ 
tions  of  tho  installation  on  the  seismograph  records,  tho 
soi smo graphs  should  bo  light  and  of  relatively  largo 


radius  of  base. 

If  seismographs  are  mounted  on  loess  rooms,  charac¬ 
terized  by  small  values  of  tho  longitudinal  wave  velocities 
and  small  values  of  tho  density,  the  resonance  frequency  is 
usually  low;  as  the  velocity  and  density  increases,  thoir 

frequency  increases  sharply.  ^  _ 

Resonance  manifests  itself  most  sharply  if  tho  seis¬ 
mographs  arc  mounted  directly  on  tho  outside  surface. 
Examples  of  resonance  curves  for  tho  oarth- seismograph 
system  whon  tho  seismographs  are  mounted  on  surfaces  of 
various  sedimentation  and  crystalline  rocks  aro  shown  in 
Fig.  39.  As  can  bo  soon  from  tho  curves  in  this  figure, 
in' the  case  of  mounting  on  dense'  clay,  loam,  and  also  on 
sand  (curves  4,  5,  5)  the  resonant  froquoncy  lies  in  tho 
ranao  150  —  300  cycles,  i.o,,  beyond  the  limits  of  tho 
working  range  of  the  frequencies.  Whon  mounted^  on  loose 
rocks,  ""such  as  boggy  poat  soil,  sand  soil,  and  blacky  earth 
soils,  or  loess  (curves  1,  2,  3)  the  resonant  frequencies 
lie  within  tho  range  of  the  working  band  (from  30  to  70  or 
80  cycles),  and  this  is  undesirable,  for  in  this. case 
prolonged  natural  oscillations  will  bo  produced  in  the  earth 
seismograph  system.  Therefore  tho  installation  o±  seismo¬ 
graph  on  compact  and.  dense  ground,  is  more  favorable.  If  tho 
seismograph  is  installed  in  a  well  which  is  subsequently 
filled  with  earth,  tho  characteristics  of  the  installation 
loose  thoir  resonant  character  in  many  cases. 

Owing  to  tho  presence  of  the  resonance  phenomenon, 
the  system  earth- seismograph  can  bo  a  source  of  long  natural 
oscillations,  which  aro  produced  in  it  under  the  influence 
of  waves  arriving  at  the"  seismograph. 
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These?  natural  oscillations  in  tho  earth- seismograph 
system  can  in  some  cases  cause  considerable  distortion  of 
the  seismic  waves,  introduce  phase  shifts  which  roach  in 
some  cases  0,02  —  0.03  seconds,  increase  the  duration  of 
the  individual  groups  of  oscillations,  etc.  This  raises 
difficulties  in  the  correlation  of  the  waves  on  tho  seis¬ 
mograms,  loads  to  a  deterioration  of-  the  resolution  of  tho 
seismic  records,  and  consequently  to-;  a  reduction  in  tho 
resolving  ability  of  tho  seismic  methods,  i.o*,  to  a  reduc¬ 
tion  in  the  number  of  individual  waves,  which  can  bo  sot>a- 
ratod  on  the  records.  ‘The  distortion  of  tho  shape  of  the 
oscillations  of  tho  waves  makes  it  difficult  to  use  in  the 
interpretation  such  dynamic  properties  as  tho  shape  and 
amplitude  of  the  waves.  Tho  influence  of  those  natural 
processes  is  particularly  dangerous  in  those  cases  when  tho 
resonant  froqunney  of  the  earth- seismograph  system  is  close 
to  tho  predominant  frequency  of  the  registered  waves. 

Another  very  unfavorable  case  is  when  tho  resonant 
frequency  of  the  system  is  close  to  the  predominant  fre¬ 
quency  of  tho  noise  (surface  waves,  microseisms)  which  mask 
the  reflected  and  refracted'  waves, 

.  In  addition,  in  connection  with  the  fact  that  in 
practice  the  density  and  velocity  in  tho  earth  change  along 
the  line  of  observation,  the  resonant  frequency  and  the  band 
width  of  the  earth- seismograph  oscillating  system  also 
change  as  the  seismographs  are  moved-  along  this  lino. 
Consequently,  unequal  amplitude  and  phaso  distortions  are 
introduced  In  the  soismic  records  of  different  receiving 
channels,  and  this  can  also  make  It  difficult  to  correlate 
the  waves  and  to  interpret  the  data  obtained. 

Consequently,  resonant  phenomena  In  tho  earth- seis¬ 
mograph  system  should  bo  eliminated  or  at  least  attenuated. 
For  this  purpose  it  is  necessary  to  shift  tho  bandwidth  of 
the  system  towards  tho  region  of  frequencies  that  are 
higher  than  the  frequency  of  tho  registered  oscillations, 
and  to  increase  the  damping  decrement  in  it,  Tho  shift 
of  the  band  makes  it  possible  to  filter  out  tho  natural 
oscillations  with  tho  aid  of  tho  receiving  apparatus.  In 
practice,  as  is  well  known,  this  is  realized  by  placing 
seismographs  in  shallow  wells,  approximately  20  --  30 
centimeters  deep,  which  are  subsequently  filled  with  earth, 
and  the  earth  as  a  rule  is  then  tramped.  Such  a  method  of 
installing  the  seismograph  reduces  also  the  Influence  of 
microseisms  duo  to  wind  on  the  seismic  records. 

Methods  of  mounting  the  seismographs.  The  tremendous 
variety  in  the  soil  surface,  conditions  in  various  regions 
of  the  USSR,  and  also  the  great  differences  in  climatic 


conditions,  causo  also  a  groat  variety  in  tho  methods  of 
installing  seismographs  used  in  seismic  prospecting. 

The  most  favorable  methods  of  installation  in  each 
now  region  are  selected  experimentally.  At  the  present 
time  there  have  boon  already  developed  in  practice  and 
extensively  used  tho  following  methods  of  installation. 

On  loose  rocks  and  soils,  the  seismographs  are  palced  in 
small  wells  20  —  30  centimeters  deep  which  are  subse¬ 
quently  filled  with  earth,  life  is  usually  not  advisable  to 
use  wells  deeper  than  20  -i-*  30  centimeters  for  the  instal¬ 
lation  of  tho  seismographs/  for  this  loads  to  an  insigni¬ 
ficant  change  in  the  characteristic  of  tho  system  and  in 
practice  does  not  load  to  an  improved  quality  of  recording. 
The  principal  effect  on  tho  characteristics  is  exerted  by 
small,  loosest  layer, of  earth  or  rocks  of  thickness  5  — 

10  centimeters,  lying  directly  under  the  bottom  of  tho 
seismograph. 

The  form  of  tho  frequency  characteristics  of  tho 
installation  depends  to  a.  considerable  degree  on  tho  pro¬ 
perties  of  the  rocks,  with  which  tho  well  is  filled.  Tho 
use  of  sand  to  fill  tho  wells  when  tho  seismographs  are 
mounted  on  such  soils  as  for  example  loose  loams  or  rather 
analogous  soils,  increases  tho  resonant  frequency  by  40  -- 
50  percent,  sometimes  oven  more,  compared  with  the  valuo  of 
the  resonant  frequency  when  tho  wolls  are  filled  with 
native  rock.  This  also  considerably  increases  the  damping 
decrement  of  the  system.  By  way  of  an  example,  illustrating 
tho  increase  in  the  damping  decrement  of  the  earth-seis¬ 
mograph  system  and  the  attenuation  of  the  natural  oscilla¬ 
tions  in  it  when  wells  are  filled  with  sand,  Fig.  40  shows 
records  of  tho  natural  oscillations  (records  of  impact  on 
a  seismograph),  obtained  when  a  seismograph  of  typo  SP-7 
is  mounted  on  sandy  earth  in  a  well  20  centimeters  deep 
without  filling  (Fig.  40  to  the  left)  and  with  sand  filling 
(Fig.  40,  right). 

In  observations  made  on  crystal  rocks  or  dense 
sedimentation-mo tamorphic  and  sedimentation  rocks,  when 
the  seismograms  cannot  bo  mounted  in  wells,  it  is  best 
to  mount  the  seismograms  on. a  layer  of  sand  several 
centimeters  thick,  specially  placed  .for  this  purpose 
under  the  bottom  of  tho  seismograph;  This  makes  it  possible 
to  mount  the  seismograph  on  rocks  with  the  entire  area  of 
tho  bottom,  and  this  first  of  all  makes  the  installation 
identical  along  the  entire. profile,  and  secondly  eliminates 
the  possibility  that  tho  body  of  the  seismograph  would  rock. 
In  order  to  prevent  tho  seismographs  from  tho  influence 
of  the  wind  in  this  case,  they  should  bo  covered  with  sand 
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or  oarth. 

When  working  on  'boggy  soctions,  a  satisfactory 
method  of  mounting,  seismographs  is  to  mount  them  in  addi¬ 
tional  cases.  The  role  of  the  additional  case  in  this 
ease  roducos,  on  the  one  hand,  to  insulating  a  seismo¬ 
graph  against  moisture  and  preventing  it  against  tilting 
in  unstable  ground,  and  on  the  other  hand,  to  increasing, 
the  area  of  contact  between  the  seismograph  and  the 
ground.  In  order,  for  the  seismograph. to  stand  stably  in 
the  additional  case,  the  latter  is  filled  either  with  sand  : 
or  with  earth*  Such  a  method,  of  mounting  it  is  possible 
also  to  rid  of  natural 'low  frequency /oscillations,  which 
are  excited'  in  the  cahth- seismograph  system.  Good  results 
in  boggy  sections  is  also  obtained  by  installing  the 
seismograph. on.  wooden  bases  (pieces  of  wide  board)  and  on 
wooden  stakes,  driven  into  the  boggy  earth  at  a  depth  of 
1  —  1.5  motors. 

when  working'  in  winter  conditions,,  the  seismographs 
must  bo  mounted  directly  on  the  frozen  layer  of  ground,  and 
in  order  to  insure  stable  and  reliable  contact . over  the 
entire  area  of  the  seismograph  bottom  with  the  earth,  they 
should  be  frozen  to  the  earth.  . ' 

In  the  presence  of  a  snow  covering,  the  seismographs 
can  also  be  mounted  directly,  on  a  packed  layer  of  snow 
and  covered  from  the  top  also .with  snow.  This  method  of 
mounting  seismographs,  as  shstoim  by  experience,  is  good  as 
regards  identity  of  installation' conditions.  In  addition, 
this  roducos  slightly  the  background  of  micro seisms  by 
the  wind. 

8.  Choice  of  Filtration  for  Work  with  CMRW 

The  working  filtration  of  the  apparatus  is  chosen 
experimentally.  It  depends  on  the  seismogoological  condi¬ 
tions  of  the  region  and  on  the  conditions  of  the  excitation 
of  oscillations,  which  determine  the  frequency  spectrum  • 
waves,  and  also  on  the  roquirod  degree  of  detail  of  Investi¬ 
gation  of  the  seismic  section. 

Experience  with  CMRW  work  in  different  soismogeolo- 
gical  conditions. shows  that  in  the  investigation  of  small 
depths  (on  the  order  of  100  --  200  meters)  in  the  excitation 
of  ocillations  in  bored  holes,  it  is  advantageous  to  use 
filtration,  at  which  the  maximum  frequency  characteristics 
of  the  apparatus  arc  located  at  a  frequency  of  50  —  70 
cycles.  "For  the  station  SS-24-48  this  means  filtration  tiro 
or  one,  with  the  ..old.  choke  (Fig.  .8)  and  for' the  stations 
EKhO-1  —  filtration  1  —  1  or  1  —  3  (Fig.  5). 


In  regions  whore  a  strong  background  of . wind  in 
microsoisms  is  observed.  (usually  thoso  microsoisns  havc^  a 
frequency  on  the  order  of  80  — -  100  cycles)*  and  from  which 
one  cannot  got  rid  by  improving  the  conditions  of  seismo¬ 
graph  installation,  one  chooses  such  a  filtration,  at  which 
the  maximum  frequency  characteristics  would  bo  at  somewhat 
lower  frequencies  than  the  noise  frequency. 

We  note  that  when  using  explosions  in  wells,  oven  ill 
investigation  of  small  depths,  it  is  impossible  to  work 
under  the  foregoing  frequencies  and  it  becomes' ^accessary 
to  resort  to  registration  of  lower  frequencies,  25—  JO 
cycles.  This  loads  to  a  reduction  in  the  degree  of  details 
and  accuracy  of  the  prospecting.  ,  ■  ' 

In  investigation  of  groat  depths.  On  the  order  of 
1  —  2  kilometers  and  above,  when  one  usually  employs  _  _ 

considerable  distances  (5  —  10  icilomotors)  from  the  point 
of  explosion,  the  frequencies  registered  are  usually  25  -- 
40  cycles.  In  this  case  the  reduction  in  the  frequency 
is  dictated  essentially  by  the  fact  that. the  high  frequen¬ 
cies  are  damped  more  strongly  with  distance,  than  the 
lower  ones.  Hero  use  is  made  of  filtration  2  or  1  with  the 
now  choke  for  tho  station  SS-24-48  (Fig.  9)  and  filtration 
4  —  1  or  4  —  2  for  tho  station  EIChO-1. 

One  working  at  still  greater  distances  from  the  point 
of  explosion,  when  it  is. necessary  to  increase  substan¬ 
tially  the  effective  sensitivity  of  the ^ apparatus,  it  is 
recommended  to  change  over  to  registration  of  low  frequency 
oscillations,  1 5-~  25  cycles.  This  is  realized  by  going 
over  to  filtration  4  —  4  on  the  station  AShO-1  (Fig.  !)• 

Tho  station  SS-24-48  is  not  provided  with  this  filtration. 

If  at  greater  distances  from  tho  point  of  explosion 
it  is  necessary  to  change  from  one  filtration  to  another, 
then  in  tho  installation  where  tho  filtration  is  changoa 
it  is  necessary  to  have  records  at  both  filtrations^ for 
identical  explosion  conditions.'  Otherwise  tno  continuous 
phase  correlation  of  the  waves  will  become  impossible  or 
difficult. 

S.  Features  of  Techniques  of  Field  Investigations  In  CmRW 

The  technique  :of  carrying  out  field  investigations 
in  CMRW  is  essentially  the  same  as  in -the  method  of  reflected 
wavos.  Some  slight  differences  in  the  technique  of  obser¬ 
vations  when  working  with  CMRW  are  due  to  tho  fact  that  in 
this  method  one  uses  more  complicated  systems  of  observa¬ 
tions  (on  longitudinal  profiles)  and  greater  explosion- 
instrument  distances  are  used  than  in  the  method  of 
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reflections.  In  addition,  in  tho  CMRW  there  is  a  greater 
use  of  explosions  in  water  reservoirs.  This  leads  to  a 
certain  complication  in  tho  technique  of  field  opera¬ 
tions,  as  follows: 

1.  In  the  CHEW"  on  longitudinal  profiles,  the  opera¬ 
tions  are  carried  out  with  simultaneous  utilization  of  throo 
four,  and  sometimes  more'  explosion  points,  which  requires 

a  more  cumbersome . organization  of  operations  than  in  the 
reflection  method.  However,  in  this  case  the  distance 
between  explosion,  points  is  usually .. greater  than  in  tho 
method  of  rofloctions,  and  consequently"; the  total  number 
of  explosion  points  on  a  profile  of  fixed  length  is  as  a' 
rule  loss  when  working  with  tho  CMRW  than  when'  working  with 
the  rof lection  method. 

2.  In  the  investigation  of- large  and  medium  depths 

one  uses  in  the  CMRW  distances  on  the  order  of  10  --  20 
kilometers  and  moro,  which' requires  high  effective  sen¬ 
sitivity  of  tho  apparatus.  For  this  purpose  one  resorts 
to  registration  at  lower  frequencies,  one  improves  tho 
installation  conditions  of  the  seismographs,  one  chooses 
quieter  times  of  tho  day  with  respect  to  wind  and  other 
noise,  and  the  conditions  of  strict  quiet  on  the  profile 
arc . observed,  etc.  "" 

3*  tr&oa-workiag  ,at.  high  amplifier -sensitivihios’  _ 

the  internal  amplifier  noise , will  increase  considerably, 
and  these  produce  in  the  seismograph  frequent  random  oscil¬ 
lations,  which,  like  microseisms,  limit  the  further  increase 
in  the  effective  sensitivity  of  the  receiving  channel. 
Therefore  whenever  one  observes  on  the  seismograms  a  large 
noise  background,  it  is  always  necessary  first  of  all  to 
verify  the  noise  level  in  the  amplifiers.  The.  verification 
is  carried  out  in  the  following  manner:  the  seismograph  is 
disconnected  from  tho  amplifier,,  as  are  the  connecting 
loads;  a  resistance  equivalent  to  the  resistance  of  the 
seismograph  and  tho  connecting,  lead,  is  connected  to  the 
circuit  of  the  primary  windings  of  the  input  transformer 
of  tho  amplifier,  operating  at  tho  employed  gain;  in  this 
case  the  amplitude  of . the  displacement  of  the  light  spot 
on  the  seismogram,  due  to  only  noise  in  the  amplifiers, 
should  not  exceed  one  millimeter.  If  the  noise  level  is 
above  the  permissible  value,  special  measures  must  be 
taken  to  reduce  the  noise.  .. 

'  4.;  When  working  at  large  distances  from,  the  point 
of  explosion,  ono  uses  also  a  greater  Spacing  between 
seismographs.  .  One  seismograph  stand.',  may  occupy  an 
interval  of  more  than  two  kilometers,  and  this  increases 
tho  length  of  the  connecting  wires  from  the  seismograph 
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to  the  station.  If  high  sensitivity  is  used  in  this  ease, 
the  ways  of  combatting  various  electrical  induction 
(thunderstorm  discharges,  electric  power  linos,  etc.), 
becomes  a  serious  natter.  One  of  the  methods  of  elimina¬ 
ting  noise  of  this  kind  is  to  shunt  tho  primary  winding 
of  the  input  transformer  by  two  sories-cbnnoctod  capacitors 
0.5  microfarad  in  each,  with  tho  center  tap  grounded,  when 
operating  at  largo  distances  from  tho  explosion  point,  radio 

communication  is  essential. 

51  In  the  CMRW,  in  order  to  make  use  of  the  dynamic 
nronortios  for: a  quantitative  interpretation,  it  is  recom¬ 
mended.  to  use  calibrated  step-lino , regulation  of  tho  sen¬ 
sitivity  of  the  receiving  channels*  When  such  a  regula¬ 
tion  is  used  it  is  necessary,  in  addition  to  the  ordinary 
verification  of  tho  apparatus  for  identity  with  respect  to 
frequency  and  phase  characteristics,  also  to  monitor  sys¬ 
tematically  tho  correctness  of  the  calibration  of  the 

apparatus  itself.  ,  ,  . 

The  technique  of  control  and  the  technique  of 
adjustment  of  seismic  receiving  apparatus  in  tho  GMRW 
are  the  same  as  in  the  method  of  reflected  waves. 


Fig.  16  •  ;' 

Longitudinal  profile.  Oj ,  02,  03  —points  of  explosion. 


Fig.  17 

Non-longitudinal  profiles.  BB’  and  CC'  —  transverse  pro¬ 
files;  DO*  and  EE’  —  non-longitudinal  (lateral)  profiles; 
AA*  —  longitudinal  profiles. 


Fig.  18 

Crosses  of  profiles:  A— longitudinal  and  transverse,  B— two 
non-longitudinal  (lateral  and  transverse);  C—  non-longitu¬ 
dinal  (lateral)  and  longitudinal. 


Fig,  19 

Correlation  system  of  opposing  hodogr&phs,  insuring  a  con¬ 
tinuous  tracing  of  the  phases  of  the  waves  along  the 

profile,. 


/Fig.  20 

Complete  correlation  system  of  observations,  shown  on  the 
generalised  plane.  Vertical  axis  —  reverse  path,  horizon¬ 
tal  axis  —  "direct  path. 
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Fig.  21 

correlation  systems  of  observations. 


which  do 

ro'.i  in  sore""  the  construction  of  a  continuous  refracting 
boundary"!  Along  the  section  AA’  of  the  boundary  there  are 
propagated  waves,  due  to  explosion  at  the  point  01 ;  the 
corresponding  holograph  is  AA1 5  propagating  along  oe< 


BB*  are  waves  due 


to 


an  explosion  at  the  point  Ag»  anc 


the 


corresponding  hodograph  is"  BB’  •  When  h  >H  thesS  systems 
insure  the  construction  of  a  continuous  boo.nd.ary* 


Fig.  22 

Complete  correlation  system  of  observations,- including  the 
construction  of  summary  opposite  hodographs.  AA  B  BA  — 
closed  correlation  path;  —  boundaries  of  the  region 
where  the  wave  can  be  traced. 
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Figo  23 

Complete  correlation  system  of  observations,  insuring  the 
construction  of  summary  opposite  hodograph.  System  of 
open  correlation  paths* 


Fig*  24 

Incomplete  correlation  system  of  observations,  consisting 
of  three  isolated  opposite  traverses.  The  correlation 
Interrelation  is  realized  with  the  aid  of  overtaking 
traverse  AB,  A'B*  and  CD,  DMD"* 
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Fig.  20 

Incomplete  correlation  system  of  observations.  ^  Two  oppo¬ 
sing  isolated  traverses  are  interrelated  with  the  aid  of 
two  '"reverse  overtaking  traverses  (AA*  and  SB*  ). 


Fig.  27 

Complete  correlation  system  of  observations  in  tracing  two 
refracting  separation  boundaries.  The  shaded  area 
denotes  the  region  of  joint  tracing  of  two  waves. 


Scheme  of  observation  in  the  investigation  of  shallow  and 
dee'o  separation  boundaries. 


Fig.  29 

Case  of  passage  of  section  O^A’  of  longitudinal  profiles 
to  serve  as  a  transverse  one.  0^  —  explosion  point  from 
which  the  longitudinal  profile  was  shot;  Op  --  explosion 
point  from  which  the  Interrelating  profile  02Af  is  shot. 

The  dotted  lines  indicate  the  boundaries  of  the  traceability 
of  the  waves. 


Fig.  30 

Correlation  interrelation  of  two  longitudinal  profiles  (C-jA* 
and  Op  O’ )  with  the  aid  of  transverse  profiles  COp  and  DO-,* 
The  dotted  lines  denote  the  separation  boundaries  of  the’ 
region  of  traceability  of  the  waves. 


Fig.  31 

A  — *  correlation  between  two  transverse  profiles  (1 )  and 
(2),  traced  from  a  single  point  of  explosion  A  with  the 
aid  of  a  longitudinal  profile  (3).  B  —  correlation  of 
two  isolated  transverse  profiles  (1)  and  (2)  with  the  aid 
of  an  auxiliary  non-longitudinal  profile  (3/r  traced  from 
the  point  of  explosion  0-*,  located  at  the.  point  of  inter¬ 
section  of  transverse  profiles.  The  dotted  lines  indi¬ 
cate  the  separation  boundaries  of  traceability  of  the 
waves,  registered  from  different  points  of  explosion. 
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Fig.  32 

Correlation  between  a  longitudinal  (1  )  and  non-longitudi nal 
(2}  profiles  with  the  aid  of  an  auxiliary  non-longitudinal 
profile  (3)  shot  from  the  point  of  explosion  02. 


Fig.  33 


Short  transverse  profiles  (1),  (2),  (3)»  and  (4),  in  the 
case  of  a  separation  boundary  with  Inclinations  greater 
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Fig.  35 

System  of  longitudinal  profiles  in  area  measurement  from 
one  point  of  explosion*  Straight  lines  — *  seismic  pro*? 
files,  curves  —  isochrons  of  refracted  waves* 
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Fig.  36 

A  —  seismogram  obtained  by  explosion  in  an  undamaged  bole 
B  seismogram  obtained  by  explosion  in  the  same  hole 
after  several  dozens  of  explosions  have  been  made  in  it. 


Fig.  38 

Graph  showing  dependence  of  the  magnitude  of  the  charge  and 
distance  during  explosions  In  water  reservoirs  and  in  a 
shot  hole.  1)  Size  of  charge,  kilograms,  2)  well  shot 
hole  (h  —  30  -  50  meters),  3 )  water  reservoir,  h  —  5 

meters,  4)  distance,  kilometers. 


Frequency  characteristics  of  an  installation  consisting  of 
two  type  SP-7  seismograph,  rigidly  screwed'  together,  at  dif 
fer9nt  soils  and  rocks:  1  —  boggy  peat  soil;  2  —  sandy 
soil;  3  —  black-earth  soil;  4  —  clay  of  Jurassic  age; 

5  —  clay  of  Jurassic  age  (seismograph  mounted  in  a  small 
well  40  cm  deep;  6  —  quartz  sand;  7  —  iron  horns tone ; 

8  —  gneiss;  9  —  granite. 

7  + 
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■  Fig.  40 

Oscillograms  that  illustrate  the  influence  of  filling 
well s  on  the  predominant  frequency  and  the  damping  decre¬ 
ment  of  the  natural  oscillations  in  the  earth-seismograph 
stem.  A  type  SP-7  seismograph  was  mounted  on  a  sandy 
rth  in  a  well  20  centimeters  deep;  left  —  well  not 
filled,  right  —  well  filled  with  sand. 


CHAPTER  IV 


CORRELATION  OP  REFRACTED  WAVES 


The  correlation  of  refracted  waves  is  the  principal 
stage  in  the  interpretation  of  the  CMRW  data,  which  determine 
the  correctness  of  all  the  further  constructions  and  inclu¬ 
sions  concerning  the  structure  of  the  medium. 

The  basic  principles  of  correlation  of  refracted  wa¬ 
ves  are  detailed  in  references  /l 6,  18,  24,  53/ ♦  Experimental 
data  obtained  in  the  Geophysical  institute  Academy  of  Sciences 
USSR  in  the  last  few  years  have  supplemented  and  broadened  the 
concepts  of  correlation  of  refracted  waves  at  different  sele- 
aogeologieal  construction  of  the  medium.  These  data,  along 
with  the  foregoing  investigations,  have  been  used  in  writing 
the  present  chapter. 

1.  Basic  Criteria  for  Separation  and  Correlation  of  Refracted 
Waves 


Criteria  for  Separation  of  Simple  Refracted  Waves,  A 
simple  refracted  wave  or  merely  refracted  wave  is  called  a  wave 
corresponding  to  one  refracting  boundary  *  If  two  or  several 
simple  waves  interfere  with  eaoh  other#  they  form  an  interfe¬ 
rence  or  complex  wave.  In  the  present  section,  we  consider  the 
correlation  of  simple  waves. 

It  is  necessary  to  separate  on  the  seismograms  and  to 
trace  waves  that  are  characterized  by  stable  form  of  record  and 
an  amplitude  greater  than  the.  amplitude  of  the  noise  background, 
by  a  factor  not  less  than  three  or  four  times.  The  basic  cri¬ 
teria  for  the  separation  and  correlation  of  a  simple  refracted 
wave  are  as  follows: 

* 

1)  Retention  of  the  form  of  the  record  of  the  wave  over  the 
entire  extent  of  the  interval  of  tracing;  the  form  or  record  is 
determined  essentially  by  the  predominating  period,  by  the  du¬ 
ration  of  the  oscillations,  and  by  the  ratio  of  the  amplitudes 
of  the  various  phases  of  the  wave. 

2)  Smooth  variation' of  the  amplitude  of  the  wave  with  in¬ 
creasing  distance  from  the  point  of  explosion;  usually  the  am¬ 
plitude  is  decreased  with  increasing  distance  from  the  explo¬ 
sion  point,  but  in  some  cases,  for  example,  in  the  case  of  in¬ 
clined  separation  boundaries,  a  certain  increase  in  amplitude 


with,  distance  is  possible. 

3)  The  oscillations  must-be  In  phase. 

The  two  first  criteria  are  based  on  the  use  of  dyna¬ 
mic  characteristics  of  the  waves  --  the  form  and  amplitude  of 
the  record;  the  third  criteria  isj>as0d  °n JhJ4?val  aSd  tht  ap 
characteristics  of  the  waves  —  the  times  g*aX  It? 

tm-rant  velocities  that  are  based  on  these  times  or  arrivax.  xu 
must-be  emphasized  that  from  the  very  beginning  of  the 
meat  of  CHEW  particularly  great  attention J *ves 
of  dynamic  features  of  records  in  the  correlation  of  waves, 
whereas  in  the  method  of  reflected  waves*  even  in.  the  modern 
stage  of  its  development,  the  n- phase  criterion  is  used  predo¬ 
minantly  in  the  correlation* 

In  the  presence  of  waves  with  nearly  equal  apparent 

velocities,  separated  by  small  time  intervals* 

takes  place  in  the  method  of  reflected  waves  and  is  encounte 

red  relatively  frequently  in  the  CMRff,  the  J0Se^JlSScilla- 
only'on  the  criterion  of  the  in-phase  nature  of  the  oscilla 
tinns  leads  to  the  fact  that  the -waves  corresponding  to 
different  spuaration  boundaries  may  be  taken  to  be  one  and  tne 
eiaS  wv.  and  continuously  correlated  on  the  recordlns.  Suoa 
errors  in  the  correlation  may  result  in  large  errors  in  tn  , 
plotting  of  the  seismic  sections  and  structural  maps. 


Hi  HI."  03  '  9>  '  QS 

Pig.  41.  Seismograms  in  which  three  refracted  waves  t]_. 


t2  and  are  registered. 
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The  dynamic  features  of  refracted  waves  can  usually 
be  employed  whan  they  are  separated  and  correlated,  since  tide 
waves  corresponding  to  different  boundaries  are  frequently  qui¬ 
te  different  in  shape  and  recording  intensity. 

This  facilitates  the  delineation  of  the  regions  of 
registration  of  different  waves.  An  example  of  the  seismograms 
on  which  are  registered  three  refracted  waves,  separated  by 
relatively  small  time  Intervals,  is  shown  in  Fig.  41. 

P.prsslfttegft  ■  ftl.  On  seismo¬ 

grams,  one  usually  correlates  any  extremum  of  the  oscillation 
—  the  maximum  or  minimum.  Xh  aelsmio  prospecting,  these  ex¬ 
trema  are  usually  called  phases  of  the  waves.  The  hodographs 
of  the  phases  of  the  waves,  as  already  noted  in  Chapter  I,  are 
usually  parallel  to  the  holographs  of  the  first  arrivals  of 
the  waves. 

For  reliable  traoing  of  the  phases  of  the  waves,  it 
is  necessary  to  obtain  seismograms  on  which  one  sees  clearly  the 
entire  form  of  the  record  of  the  wave.  Seismograms  with  exces¬ 
sive  intensity  of  recording,  or, the  contrary,  with  too  small  an 
intensity  of  recording,  and  also  seismograms  with  large  noise 
background  cannot  be  used  in  thb  correlation,  since  they  cannot 
be  used  to  trace  t^e  distinguishing  features  of  the  form  of  the 
recording  of  the  different  waves.  In  the  correlation  of  waves 
based  on  records  that  are  too  strong  or  too  weak,  large  errors 
are  possible;  in  particular,  waves  corresponding  to  different 
refracting  boundaries  may  be  mistaken  for  the  same  wave. 

In  the  correlation  it  is  necessary  to  choose  a  phase 
of  wave  that  differs  by  a  notloaably  large  intensity  from  the 
proceeding  phases  *nd  at  the  same  time  is  sufficiently  close  to 
tine  start  of  the  oscillation,  since  its  phase  is,  for  the  most 
part,  less  distorted  by  Interference  with  other  waves  than  the 
phases  that  are  later  in  arrival  time. 

Particularly  significant  is  this  factor  in  the  corre¬ 
lation  of  first  waves.  In  addition,  In  the  correlation  of  pha¬ 
ses  that  are  closer  to  the  start  of  oscillations,  it  is  possible 
to  determine  more  accurately  the  corrections  for  the  time  dif¬ 
ference  in  the  phases  and  for  the  first  entry  of  the  wave,  which 
must  be  introduced  in  the  quantitative  interpretation  of  the 
observations  (Chapter  VI). 

In  some  oases,  the  initial  phases  of  the  osoillatlons 
attenuate  greatly  as  the  distance  from  the  explosion  point  is 
Increased.  This  is  observed  principally  in  the  case  of  thin 
layers  /24/,  and  sometimes  also  for  relatively  thiok  layers  which 
are  located  at  low  depths.  This  attenuation  of  the  initial  por¬ 
tion  of  the  osoillatlons  is  conneeted  with  the  faot  that  the 
high  frequency  components  of  the  earth  osoillatlons  participa¬ 
ting  in  tile  formation  of  the  initial  portion  of  the  record  of 
the  wave  are  attenuated  more  strongly  with  distance  than  the 
low-frequency  components.  71g.  42  shows  an  example  of  the  record 
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Pig,  42.  Seismogram  illustrating'  the  attenuation  of 

the  initial  phases  of  the  wave  with  distan¬ 
ce,  t2,  tf2,  ttt2  —  different  phases  of  the 
wave  t2. 


on  which  sees  the  attenuation  with  distance  of  the  initial 

phases  of  the  wave  t2.  ’ 

As  the  initial  phases  of  the  wave  attenuate,  it  is 
necessary  to  proceed  with  correlation  of  the  next  phases,  where 
it  is  necessary  to  trace  both  phases  of  the  wave  over  the  com¬ 
mon  interval  of  the  profile,  so  as  to  have  assurance  that  tne 
hodographs  of  the  different  phases  of  the  wave  are  parallel,  hx- 
perience  has  shown  that  in  the  study  of  the  separation  bounda¬ 
ries  located  at  depths  from  50  to  500  meters,  the  hodographs  of 
different  phases  of  one  and  the  same  wave  are  always  practical¬ 
ly  parallel:.  the  exceptions  are  due  principally  to  the  super¬ 
position  of  other  waves  which  may  distort  one  of  the  phases  ox 


the  wave.  •  .  -  _  .  - _ 

In  studying  the  separation  boundaries  that  are  1.00a— 

ted  at  small  depths  (less  than  50  meters),  one  observes  some¬ 
times  at  short  distances  from  the  explosinn  points  that  hodo¬ 
graphs  of  different  phases  of  one  and  the  same  wave  are  not  pa¬ 
rallel,  owing  to  the  increase  in  the  predominant  period  of  the 
wave  with  distance.  This  is  due  to  the  aforementioned  faster 
damping  of  the  high  frequency  components  of  the  oscillations  of 
the  earth  compared  with  the  low  frequency  one. 

Reproducibility  of  the  Records  of  Refracted  X^.y.g.g .  lu 
order  for  the  correlation  of  the  phases  of  the  refracted  to  be 
correct,  it  is  very  important  that  the  recordings  obtained  at 
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one  in  the  same  stands  at  different  explosions,  as  veil  as 
the  recordings  of  the  correlation  instruments  on  going  from 
stand  to  stand,  he  reproducible. 

Experience  of  work  with  CMRW  shows  that^as  a  rule, 
the  reproducibility  of  the  records  of  refracted  waves  is  good. 
An  exception  from  this  rule  is  encountered  in  two  cases: 

1)  when  the  conditions  of  excitation  of  oscillations  change, 
because  of  damage  to  the  rooks  during  the  explosion  zone  (in 
shot  holes,  wells,  water  reservoirs); 

2)  in  the  case  of  explosions  in  water  reservoirs,  when  re¬ 
peated  impacts  are  produced  due  to  the  pulsation  of  the  gas 
bubble  /37/« 

In  the  case  of  destruction  of  rooks  within  the  ex¬ 
plosion  zone,  the  two  following  peculiarities  of  seismograms 
are  observed: 

1)  there  is  a  sharp  increase  in  the  predominant  period  of 
the  wave,  in  which  connection  the  difference  is  in  the  dynamic 
peculiarities  of  different  waves  becomes  smoothed  out  and  their 
resolution  becomes  considerably  worse; 

2)  the  ratio  of  the  amplitude  of  the  refracted  waves  to  the 
amplitude  of  the  mieroseisms  is  decreased,  and  the  recording 
becomes  less  regular. 

These  two  singularities  of  the  seismograms  are  obser¬ 
ved  for  the  most  part  simultaneously.  In  this  case,  to  improve 
the  quality  of  the  recordings  and  their  reproducibility,  it  is 
necessary  to  change  the  point  of  explosion  (Chapter  III,  Sec¬ 
tion  6). 

In  the  case  of  repeated  impacts  in  water  reservoirs, 
the  time  interval  At  between  waves  due  to  the  explosion  and 
the  pulsations  of  the  gas  bubble  depends  substantially  on  the 
magnitude  of  the  charge  and  on  its  depth  of  immersion.  There¬ 
fore,  In  the  presence  of  repeated  impact,  the  reproducibility 
of  the  recordings  obtained  at  different  explosions  may  be  un¬ 
satisfactory.  Waves  produced  by  repeated  impacts  can  be  dis¬ 
tinguished  on  the  recordings  from  waves  dus  to  the  explosion 
by  the  following  symptoms; 

a)  the  form  of  the  recording  in  the  inclination  of  the  in- 
phase  axis  of  the  waves  due  to  the  pulsations  of  the  bubble 
duplicates  the  form  of  the  recording  and  the  inclination  of 
the  in-phase  axis  of  the  earlier  arrival  of  the  wave  due  to 
the  explosion; 

b)  the  time  Interval  At  between  waves,  due  to  the  explo- 


floa  and  pulsations,  increases  with  increasing  charge. 

This  cause  for  the  violation  of  the  reproducibility 
of  the  recordings  can  be  readily  eliminated^  J|B" 

Ins  the  magnitude  of  the  oharge  or  by  reducing  the  dePthor 
burlS8 (Chapter  111,  Section  i),  It  le  possible  to  get  rid  of 
repeated  impacts 


s' 


Vflvaa. — Seconding  on  the  seisaogeologlcal  structure 

gl^e  ^gthe  lUtTof  the 

n-f  oted  vaves  may  vary,  Hefracted  waves  correspoca 

ing  to  boundaries  of  relatively  thick  layers ,  located  at  a 
grfat  depth  (H  >  300  meters)  art  frequently  J^c®d 
ously  over  a  large  extant  —  sometimes  UP 

and  more .  Hefracted  mares  corresponding  to  traced 

ner  la  vers,  no  matter  what  their  depth,  are  frequently 
SSr  ow  ioSaretlvoly  short  intervals  -  on  tho  order  of  se¬ 
veral  hundreds8 of  motors.  Befraoted  mavee  coMeBpmdiag  to 

boundaries  of  both  thin  and  relatively  thick  layers  located  at 
shallow  depths  (H  <  100  meters)’  are  frequently  trace d  only  over 
s^era?  tens  of  meters,  owing  to  the  strong  damping  of  the  wa¬ 
ves  with  of  ^  interval  of  continuous  trac tog  of 

refracted  waves  SSrresponding  ^ration  bounds-^ 

riss  is  frequently  reduced  considerably  because  of  interf  e 
ce  of  the  traced  waves  with  other  saves  m-lnctoal 

method  of  ana  aasasaa 

S  tSe^wfile  is  usually  realised  quite  ***£***■  £*  gJT 
matte  feature  —  the  tlmss  of  arrival  of  the  waves,  oorre-.^ 

tion  of  waves  at  mutual  points  by  dynamio  J®®**];®®  reliably  ” 
oor dings  can  also  bs  carried  out  in  the  most  cases  reliably,^ 
but  sometimes  one  observes  differences  to  the 
cording  of  the  waves,  due  principally  to  diff jreness  in the 
conditions  of  excitation  of  the  oscillations  i^both  points 
Of  explosion.  In  particular,  such  eases  are j 
the  explosions  in  one  of  the  points  are  done  ^  dense  rocks 
(for  example,  in  limestones  or  dense  clays),  andin  the  otter 
joints,  1?  loose  ones  (for  example,  l««s  or  loses). 


overtaJclngsyetemeiji  ^ss‘d  ir^rily  on  ths  orltsrlou  of  the 

faet  that  «.  WSffig:  ££>£*> 

lar  the  ratio  of  the  amplitudes  of  the  ^®};d!5!ff^ati0n^of 
other  waves,  cannot  always  be  used  for  the  idea tifigtlon 
the  waves,  registered  on  the  overtaking  systems.  This  is^con 

nected  with  the  fact  that  the  < ttffjrja ^S?i5  of^l  iapli- 
ferently  with  distance,  and  therefore  the  ratio  of  tne  ampxx 
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tudes  of  the  waves  on  the  recordings,  obtained  at  the  close 
and  far  point  of  explosion  may  be  substantially  different 
(Section  6). 

In  some  cases,  for  example  In  the  study  of  verti¬ 
cally  stratified  media,  the  correlation  interrelation  of  the 
waves  by  means  of  overtaking  systems  is  of  primary  signifi¬ 
cance  (Section  7),  but  in  most  cases  it  is  a  supplement  to 
the  prinolpal  method  of  interrelation  by  mutual  points. 

Interchange  of  Refracted  Waves *  In  the  correlation 
of  refracted  waves  it  is  very  Important  to  elhibit  the  appea¬ 
rance  of  regions,  ih  whioh  the  wave  oorfespdhding  to  one  re¬ 
fracting  boundary,  or  by  a  complicated  oscillation  which  is  a 
result  of  interference  of  two  or  several  waves,  corresponding 
to  different  separation  boundaries.  In  the  following  discus¬ 
sion,  the  term  interchange  of  refracted  waves  will  mean  the 
two  following  cases: 

1)  when  a  simple  wave,  corresponding  to  a  single  refracting 
boundary,  is  replaced  by  a  simple  wave,  corresponding  to  another 
boundary ; 


2)  when  a  simple  wave,  corresponding  to.  a  Certain  refracting 
boundary,  is  replaced  by  an  interference  of  complex  wave. 

The  latter  oase  is  encountered  particularly  frequent¬ 
ly  in  seismic  prospecting  practice.  Thus,  the  term  "interchan¬ 
ge  of  waves"  is  understood  in  the  broader  sense  of  the  word.  We 
shall  henceforth  consider  the  question  of  how  to  recognize  in¬ 
terchanges  pertaining  to  the  above  two  cases. 

principal  criteria  for  the  establishment  of  interchange  of  wa¬ 
ves  are  the  following: 


1)  the  presence  of  two  simple  waves  with  intersecting  or 
strongly  approaching  in-phase  axis  on  one  and  the  same  profile 
interval ; 


2)  change  in  the  form  of  the  recording; 

3)  radical  change  in  the  amplitude  of  the  wave; 

4)  change  in  the  degree  of  damping  of  the  wave  with  distance; 


5)  change  in  the  apparent  velocities. 


In  practice,  in  the  Interchange  of  waves  one  frequent¬ 
ly  encounters  combinations  of  several  or  sometimes  all  of  the 
foregoing  symptoms  (Pig.  43). 

Interchanges  of  this  kind  can  be  most  readily  observed 


Fig.  43.  Seismogram  on  which  one  notes  interchanges 
of  refracted  waves  ti,  tg  and  t*.  The  sym¬ 
bol  r""*  denotes  an  interchange  of  the  waves. 


in  the  correlation  of  seismograms. 

However,  sometimes  one  observes  only  certain  or  only 
one  of  the  foregoing  symptoms  of  wave  interchange.  This  makes 
some  cases  the  disclosure  of  the  interchange  quite  difficult, 
since  one  of  the  symptoms,  particularly  the  change  in  the  ap¬ 
parent  velocity,  is  insufficient  for  a  unique  solution  of  the 
problem  of  the  presence  of  wave-  interchange.  Let  us  stop  to 
examine  each  of  the  foregoing  symptoms  separately. 

The  presence  on  the  seismograms  of  two  simple  waves 
with  intersecting  or  greatly  approaching  in-phase  axis  is  the 
strongest  symptom  of  wave  Interchange.  Two  cases  of  wave  in¬ 
terchange  are  possible  here: 

a)  both  simple  waves  begin  to  interfere  with  each  other  over 
a  certain  interval  of  the  profile,  and  the  simple  wave  is  re¬ 
placed  by  interference  wave  (Fig.  44); 

b)  one  of  the  waves  can  no  longer  be  traced  to  the  start  of 
the  zone  of  interference,  and  then  one  simple  wave  is  replaced 
by  another  simple  wave  (Fig,  45). 

In  other  cases,  the  region  of  simultaneous  registra¬ 
tion  of  two  interchanging  simple  waves  is  absent,  and  conse¬ 
quently  the  first  criterion  for  establishment  of  the  interchan¬ 
ge  of  waves  is  lacking  (Fig.  46). 

From  among  the  remaining  four  symptoms  of  wave  inter- 
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Pig.  44.  Seismogram  on  which  is  noted  the  Interchange 
of  a-  simple  wave  by  an  interference  wave, 
ti  and  t2  —  simple  waves;  t]_2  —  interfe¬ 
rence  wave. 
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Pig.  45.  Seismogram  on  which  the  wave  t^  is  damped 
prior  to  the  start  of  the  zone  of  interfe 
rence  with  wave  t2« 


change,  the  strongest  Is  the  change  in  the  shape  of  the  re¬ 
cording  (Fig.  47);  the  change  in  the  predominating  period  of 
the  oscillations  or  its  duration  or  the  ratio  of  the  amplitu¬ 
des  of  various  phases  is  a  reliable  criterion  for  the  exhibi¬ 
tion  of  the  Interchange  of  waves  even  in  those  cases  when  '&he 
remaining  symptoms  of  the  interchange  are  lacking. 

In  many  cases  even  weak  changes  in  the  form  of  the 
recording,  particularly  certain  complications  of  the  form  of 
wave  recording  —  appearance  of  points  of  inflections,  addi¬ 
tional  extrema  on  the  background  of  the  main  oscillation,  etc., 
—  are  evidence  that  the  traced  wave  has  been  replaced  by  ano¬ 
ther  simple  wave  or  by  an  interference  wave. 

A  sharp  change  in  the  amplitude  of  the  wave  is  a  less 
pronounced  indicator  of  a  change  in  the  wave  picture  than  a 
change  in  the  form  of  the  recording,  since  in  some  cases  the 
changes  in  the  amplitude  connected  with  interchange  of  simple 
waves  or  with  their  interference  are  masked  by  a  continuous 
decrease  in  the  amplitude  of  the  wave  with  increasing  distance 
from  the  explosion  point. 

However,  in  some  cases,  particularly  in  the  investi¬ 
gation  of  vertically  stratified  media,  a  sharp  increase  (Fig. 
46)  or  reduction  in  amplitude  is  observed  with  increasing  dis¬ 
tance  from  the  explosion  point,  confirmed  by  observations  at 
several  explosion  points.  Such  changes  in  the  amplitude  are 
frequently  reliable  symptoms  of  wave  interchange.  In  most  ca¬ 
ses,  it  is  possible  to  determine  from  the  changes  in  the  ampli¬ 
tude  quite  reliably  the  start  of  the  zone  of  wave  interference 
(Fig.  43) . 

The  change  in  the  degree  of  attenuation  of  wave  with 
distance  is  a  weaker  symptom  of  interchange  of  waves  and  the 
two  proceeding  ones.  In  some  cases  the  change  in  the  degree  of 
damping  of  waves  with  distance  may  be  connected  not  with  an  in¬ 
terchange  of  waves,  but  with  a  change  in  the  thickness  of  the 

layer.  .  _  ^ 

From  the  experimental  data,  it  is  known  that  the  re¬ 
fracted  waves  corresponding  to  thin  and  protruding  layers,  par¬ 
ticularly  strongly  damped  with  distance  (Sections  4  and  9  / 24, 

10 ,  35/) . 

?  Sometimes,  the  change  of  degree  of  damping  of  the  wa¬ 

ves  with  distance  may  be  connected  with  changes  in  the  form  of 
the  refracting  boundary*  Therefore,  in  the  absence  of  other 
symptoms  of  wave  interchange,  to  determine  whether  there  is  an 
interchange,  it  is  necessary  to  compare  records  obtained  at  se¬ 
veral  explosion  points;  sometimes,  this  question  can  be  resol¬ 
ved  only  after  plotting  graphs  of  the  variation  of  the  amplitu¬ 
de  with  distance  and  determining  the  boundary  velocities. 

The  change  in  the  apparent  velocity  is  the  weakest  of 
all  the  foregoing  symptoms  of  wave  interchange  and,  like  the 
symptom  of  change  in  the  degree  of  damping  of  the  wave  with 
distance,  it  can  be  due  to  other  causes  and  particularly  to  the 
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?ig,  46.  Seismograms  on  which  the  interchange  of  wave  ti 
by  wave  t2  is  noted  from  the  change  in  the  form 
and  from  the  sharp  increase  in  the  amplitude  of 
the  recording.  The  arrow  ^  indicates  the  direc 
tion  of  increasing  amplitude  of  the  recording. 
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Pig.  47.  Seismograms  on  which  the  interchange  of  waves 
tn  and  t2  is  noted  from  the  change  in  the  form 
of  the  recording. 


bhang  e  In  the  relief  @f  the  refracting  boundary.  Kierefore, 

In  the  absence  ef  ether  symptoms,  It  Is  necessary  to  compare 
carefully  the  changes  In  the  apparent  velocities  obtained  at 
different  explosion  points  in  order  to  establish  whether  fch Is 
change  la  the  apparent  velocity  is  due  to  wave  interchange  or 
tea  change  in  the  relief  of  the  refracting  boundary. 

It  must  be  noted  that  in  some  eases  one  or  several 
of  the  foregoing  symptoms  of  wave  interchange  may  be  due  to  a 
local  change  in  the  properties  of  smaU.-Tsiooi^r  sons. 

■  Tr>  sttch  cases,  the  foregoing  dynamic  and  kinematic 
singularities  of  the  recordings  are  observed  only  over  a  short 
interval  of  the  profile,  and  unlike  the  ease  of  wave  inter¬ 
change,  the  character  of  recording  on  both  sides  of  the  zone 
where  the  correlation  is  violated  is  usually  almost  the  same, 
la  the  presence  of  several  points  of  explosion,  and  for  longi¬ 
tudinal  profiling,  or  in  the  case  of  area  measurements  with  a 
single  common  explosion  point,  suoh  local  zones  of  violation 
©fcorrelatlon  can  be  readily  distinguished  from  wave  inter- 

^  It  is  particularly  simple  to  observe  the  foregoing 
local  changes  in  properties  of  the 

see,  when  several  waves  are  registered,  corresponding  to  dlf 
ferent  separation  boundaries.  In  this  case, 
the  form  of  the  recording,  in  the  amplitudes,  and  in  the  ap 
parent  velocities  are  observed  simaltansously  on  all  waves.  At 
suoh  local  changes  in  the  form  or  amplitude  of  Idle  recording, 
one  must  not  note  a  wave  interchange  in  the  .  S". 

it  is  necessary  to  mark  with  a  special  symbol  the  discontinui¬ 
ty  in  the  oorr elation  of  one  and  the  same  wave. 


mkemm 


For  any  im£od  Sf  reg^atlon  of  thi^iv.' sitivity  of 
the  seismic  receiving  apparatus,  a  chan? ©in  the  form  or  the 
recording  and  a  change  in.  apparent' velocities  Is  directly  ©** 
vident  from  an  examination  of  the  seismograms. 

To  identify  amplitude  symptoms  of  wave  interchange 
—  changes  in  the  amplitude  of  the  wave  and  In  the  degree  or 
Its  damping  with  distance  —  it  is  necessary  to  control^ the 
sensitivity  of  the  apparatus.  In  prcducticnseieffilcopera- 
tion,  both  by  the  reflected  wave  method  and  by  the  correlation 
method  of  refracted  waves,  the  control  over  the  sensitivity 
of  the  apparatus  is  usually  lacking.  The  regulation  of  the 
sensitivity  of  the  channels  is  realized  J,n  such  a  .  *!!?!*  . 
on  the  recordings  of  all  the  channels,  the  amplitudeisappro- 
ximately  the  same.  Per  this  purpose,  the  sensitivity  of  the 
channels  to  which  the  seismographs  furthest  away  from  the 
point  of  explosion  are  connected  is  increased,  compared  with 
the  sensitivity  of  the  channels  which  are  connected  to  seis¬ 
mographs  which  are  closer  to  the  point  of  explosion,  witn 


such  a  method  of  control  of  sensitivity  of  the  channels  and 
in  tha  absence  of  sensitivity  control,  the  detection  of  am¬ 
plitude  singularities  in  the  waves  and  the  observation  of  wa¬ 
ve  Interchanges  at  which  there  are  no  noticeable  changes  in 
the  fora  of  the  recording  and  the  magnitude  of  the  apparent 
“"velocities  is  in  many  cases  practically  impossible. 

The  oaatrol  over  the  sensitivity  of  the  apparatus 
which  is  necessary  for  the  exhibition  of  amplitude  singulari¬ 
ties  of  the  waves  can  be  realized  by  various  means  (Chapter  XI, 
Section  3).  Experience  of  wording  with  the  correlation  method 
of  refracted  waves  carried  out  by  the  Geophysical  Institute  has 
shown  that  the  method  of  controlling  sensitivity  of the  channels 
which  is  most  convenient  for  the  detection  of  amplitude  singu¬ 
larities  in  the  waves  is  a  method  by  which  all  che  channels  ha¬ 
ve  equal  sensitivity  /9/. 

In  this  case,  the  amplitude  of  one  in  the  same  wave 
is  different  on  recordings  made  by  different  channels.  Figs. 

41  and  46  show  seismograms  obtained  at  equal  sensitivity  of 
the  channels.  There  is  no  wave  interchange  on  the  seismogram 
of  Fig.  41,  and  the  amplitude  of  the  wave  decreases  smoothly 
with  increasing  distance  from  the  point  of  explosion.  On  the 
seismogram  of  Fig.  46,  one  sees  clearly  a  wave  interchange  cha¬ 
racterized  by  a  sharp  increase  in  the  intensity  of  the  record¬ 
ing  at  a  certain  distance  from  the  point  of  explosion. 

In  some  cases  It  is  difficult  to  employ  in  practice 
the  method  of  equal  channel  sensitivity.  This  is  particularly 
difficult  to  use  at  large  distances  between  seismographs.  In 
these  cases,  the  amplitudes  of  the  waves  on  the  channels  cor¬ 
responding  to  the  seismographs  that  are  closest  to  the  point  of 
explosion,  are  too  large  and  in  the  channels  corresponding  to 
the  seismographs  that  are  farthest  from  the  point  of  explosion 
they  are  too  small . 

This  makes  it  difficult  to  correlate  the  waves  cor¬ 
rectly.  The  same  difficulties  may  arise  also  at  small  distan¬ 
ces  between  seismographs  and  in  the  case  of  strong  damping  of 
waves  with  distance.  In  such  cases,  It  becomes  necessary  to 
adjust  the  channels  for  different  sensitivities  and  to  record, 
in  addition  to  the  seismogram,  also  the  control  of  the  sensiti¬ 
vity  of  the  apparatus.  If  the  sensitivity  of  the  channels  is 
calibrated,  the  allowanoe  for  the  differences  in  sensitivity  of 
the  apparatus  becomes  greatly  simplified. 

It  must  be  noted  that  at  different  channel  sensitivi¬ 
ties,  even  in  the  presence  of  sensitivity  control,  the  detec¬ 
tion  of  wave  Interchanges  by  amplitude  symptoms  is  somewhat 
more  complicated  and  requires  consumption  of  more  time  for  cor¬ 
relation  than  in  the  case  of  equal  channel  sensitivity. 

Detection  of  Replacement  of  a  Simple  Wave  by  an  In¬ 
terference  Wave.  It  is  necessary  to  distinguish  three  possl- 
ble  cases  of  interchange  between  a  simple  and  interference  os¬ 
cillations,  shown  schematically  in  Fig.  48. 
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3? iff,  48.  Diagram  showing  three  cases  of  interchange  of 
two  simple  waves  by  an  interference  wave. 
lf  2  —  in-phase  axis  of  simple  waves  tq  and 

•jjp  * 

ZI  —  interference  zone  of  waves  ti  and  t2. 


1.  Intervals  exist  ahead  and  past  the  interference 
zone  where  both  waves  tq  and  t2  are  traced,  and  they  are  sepa¬ 
rated  by  a  sufficient  interval  of  time  (Pig.  48a  and  Pig.  49). 
This  case  is  encountered  quite  frequently  In  tne  iyves tigatxon 
of  media  that  are  close  to  being  horizontally  stratified  ana 
regions  where  both  waves  are  registered  on  the  same  intervals 
of' the  profile  and  are  separated  by  a  considerable  time  inter¬ 
val  may  in  some  case  be  quite  extensive.  This  case  is  encoun¬ 
tered  sometimes  also  in  the  investigation  of  media  which  are 
close  to  being  vertically  stratified,  and  in  these  ,caJ®s 
region  of  simultaneous  registration  of  waves  outside  -he  zone 
of^their  interference  and  the  zone  of  interference  itself  are 

as  a  rule  small  in  extent  (Section  7). 

2.  The  region  where  the  waves  tq  and  t2  may  oe  -ra 
ced  separately  on  the  same  recordings  located  only  on  one  side 
of  the  interference  (Pig.  48b  and  Pig.  50).  This  case  Is  fre¬ 
quently  encountered  in  the  investigation  of  horizontally 
tifled  media,  particularly  in  those  cases  when  one  of  tne  in¬ 
terfering  waves  (for  example  tq)  is  relatively  rapidly  damped 
with  distance  and  therefore  cannot  be  separated  on  the  record¬ 
ings  past  the  zone  of  its  interference  with  the  other  wave  t2. 

3.  There  is  no  region  where  the  waves  tq  and  t2  may 
be  traced  separately  on  one  and  the  same  recording,  i.e.,  one 
wave  tq  Is  traced  on  the  profile  lines  followed  by  the  resu 

of  summation  of  two  waves,  and  then  again  by  one  wave  -2 

48  and  Pig.  51).  ..  ,  .. 

This  case  is  encountered  in  practice  in  the  investi¬ 
gation  of  media  which  are  close  to  horizontally  stratified, 
principally  at  weak  differences  in  the  velocities  in  individu¬ 
al  layers.  In  these  cases,  the  zone  of  interference  cu  two 
waves'  can  be  quite  extensive.  In  the  investigation  of  media 
which  are  close  to  vertically  stratified,  this  case  is  fre¬ 
quently  encountered,  and  the  extent  of  the  interference  zone 
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Pig.  50.  Seismogram  on  which  the  interfering  waves  ti 
and  t2  are  traced  separately  only  on  one  side 
of  the  interference  zone; 
ti2  —  interference  wave. 
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Pig.  51.  Seismogram  on  which  the  interfering  waves  ti 

and  t2  cannot  be  separately  traced  on  the  same 

profile  interval; 

t^ , 2  —  interference  zone. 
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iof  the  waves  Is  usually  small. 

She  first  case,  when  both  waves  can  be  separately 
traced  on  the  recordings  on  both  sides  of  the  interference 
zone,  is  the  simplest  for  the  correlation  of  the  waves.  In 
this  case,  it  is  easy  to  establish  where  the  interchange  of 
the  simple  wave  by  the  Interference  wave  takes  place  and  to 
determine  the  boundaries  of  the  interference  zone. 

In  the  second  case,  when  both  waves  are  separated 
on  the  recordings  only  on  one  side  of  the  interfering  zone,  it 
-is  possible  to  establish  reliably  the  fact  of  the  interference 
of  different  waves,  but  it  is  frequently  difficult  to  establish 
the  limits  of  the  zone  of  interference  and  to  ascertain  which 
of  the  interfering  waves  is  traced  beyond  this  zone.  In  this 
case,  as  Indicated  In  reference  /56/ »  it  is  sometimes  possible 
to  effect  an  erroneous  transition  without  discontinuity  in  the 

correlation  from  one  wave  to  another. 

In  the  third  case,  it  is  not  always  possible  to  es¬ 
tablish  even  the  fact  of  the  existence  of  the  interference  zo¬ 
ne.  Oscillations  in  this  zone  can  sometimes  be  erroneously 
correlated  continuously,  and  the  danger  of  going  over  from  one 
wave  to  another  in  this  case  is  even  greater  than  in  the  second 
case.  In  some  cases,  an  error  of  a  different  kind  id  possible! 
the  interference  zone  of  two  waves  can  be  taken  to  be  a  simple 
wave,  corresponding  to  a  different  separation  boundary.  In 
the  latter  case,  one  can  erroneously  separate  on  the  records 
three  simple  waves,  the  regions  of  registration  of  which  are 

delineated  on  the  profile  lines. 

In  the  absence  of  a  region  where  both  waves  are  sepa¬ 
rately  registered  on  the  same  profile  intervals,  the  interchan¬ 
ge  of  a  simple  wave  by  an  interference  wave  can  In  many  cases 
be  observed  with  the  aid  of  the  last  four  criteria  for  the  de¬ 
tection  of  wave  interchange.  The  recording  of  a  wave  in  the 
interference  has  a  characteristic  feature  in  shape  and  ampli¬ 
tude  (2)  which  makes  it  possible  to  distinguish  the  interferen¬ 
ce  wave  from  the  simple  wave.  The  recognition  and  the  delinea¬ 
tion  of  the  interference  zone  are  carried  out  most  reliably  at 
considerable  differences  in  the  dynamic  characteristics  or  the 
interfering  waves  even  in  the  absence  of  considerable  aifferen- 
ces  in  the  apparent  velocities,  and  also  at  considerable  diffe¬ 
rences  in  the  apparent  velocities  even  in  the  absence  of  sharp 
differences  in  the  dynamic  features  of  the  waves.  In  the  de¬ 
lineation  of  the  interfering  zones,  it  is  very  important  to 
compare  the  recordings  obtained  at  different  positions  of  the 
explosion  points  (Sections  6  and  7).  ■  .  . 

The  question  of  correlation  waves  in  the  interferen¬ 
ce  zones  themselves  and  of  the  identification  of  waves  regis¬ 
tered  on  both  sides  of  the  interfering  zone,  is  considered  in 
Section  2. 

np-t.fto-M.rm  of  the  Re  placement  of  a  Simula  Wavs . kno¬ 

ttier  Simple  Wave  in  the  Absence  of  a  Region  jaf  Joint  Reglstra- 
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'tiQK  of  Waves.  In  this  case,  the  regions  of  registration  of 
mris~do~not~ overlap ,  and  there  is  only  a  butting  of  tfteso 
regions  (Pigs,  46  and  4 ?).  The  case  considered  Is  frequently 
encountered  in  the  investigation  of  media  which  are  close  to 
vertically  stratified,  in  the  study  of  faults  and  tapering 
layers;  it  sometimes  takes  place  also  in  the  laves tigat„on  of 
horizon tally  stratified  media  and  media  with  inclined  separa¬ 
tion  boundaries,  and  particularly  under  considering  damping 
of  waves  with  distance.  In  the  study  of  media  close  to  hori¬ 
zontally  stratified,  this  case  is  frequently  encountered  in 
prospecting  at  small  depths.  In  these  cases,  in  the  zone 
wh^r®  geometrical  considerations  indicate  that  the  traced^ wa¬ 
ves  should  interfere  with  other  waves,  they  are  quite  weam  and 
are  in  practice  missing  from  the  recordings.  ^ 

It  must  be  noted  that  it  is  sometimes  difficult  to 
establish  the  borderline  between  this  case  and  the  third  or 
second  cases  (p J99) ,  since  quite  frequently  one  encounters  in 
practice  interfering  zones  of  such  small  extant  th&u  the  region 
of  joint  registration  of  the  waves  can  be  considered  as_  prac- 
ticaily  missing  (fig.  51).  The  detection  of  the  interchange  of 
simple  waves  in  which  there  is  no  region  of  joint  registration 
should  be  based -on  all  of  those  criteria  which  were  indicated 
previously  and  experience  in  experimental  works  under  different 
seisxaogeological  conditions  has  shown  that  the  use  or  dynamic 
features  of  wave  records  is  of  particularly  great  value*  appa¬ 
rent  velocities  are  not  always  connected  with  the  interchange 
of  waves;  furthermore,  frequently,  the  apparent  velocities  of 
two  Interchanging  waves  are  close  to  each  other. 

2.  Correlation  of  Waves  in  the  Presence  of  Interference  Zones 

Interference  zones,  of  refracted  xmves  are  encountered 
under  a  great  variety  of  cases  of  construction  of  the  medium. 
Depending  on  the  seismogeological  features  of  the  m@ai.um,  the 
placement  of  these  zones  on  the  surface  of  observations  ana 
their  dimensions  differ  in  certain  specific  features.  For  ex¬ 
ample,  in  the  case  of  media  close  to  horizontally  stratified* 
the  interference  zones  of  the  waves  may  have  a  great  ex  went, 
particularly  in  those  cases  when  the  apparent  YBlocity  Ox  the 
interfering  waves  is  nearly  equal.  The  extent  c~  the  interfe¬ 
rence  zones  may  sometimes  reach  several  kilometers  tseetlon  oj. 
On  the  surface  of  observations »  the  boundaries  ©j.  the  interfe¬ 
rence  zones  are  located  at  equal  distances  from  the  explosion 
points,  at  which  the  shooting  is  carried  out.  pa  the  case  ox 


in  which  the  seismograph©  are  lo- 
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The  correlation  of  the  waves  and  the  interference 
zones  themselves  and  the  identification  of  the  waves  regis¬ 
tered  on  both  sides  of  these  zones  are  particularly  signi¬ 
ficant  when  the  interference  2ones  are  long. 

In  an  examination  of  the  singularities  of  the  re¬ 
cordings  in  the  interference  zones,  we  shall  assume  that  the 
predominating  frequencies  of  the  interfering  waves  are  close 
to  each  other.  We  shall  not  consider  the  case  of  interfe¬ 
ring  waves  of  different  frequencies,  since  it  is  encountered 
relatively  rarely  in  practice,  particularly  in  the  investiga¬ 
tion  of  sufficiently  great  depths  (E  >  200  meters). 

Classification  of  Interference  Zones  by  the  Batio 
of  Intensity  of  the  Interfering  Waves.  Experience  in  working 
with  CMRW  under  different  selsmogeologlcal  conditions,  and 
also  calculations  of  theoretical  seismograms  have  shown  that 
in  the  examination  of  interference  waves  it  is  necessary  to 
distinguish  two  cases: 

1)  when  the  interfering  waves  are  characterized  by  appro¬ 
ximately  equal  amplitudes,  and 

2)  when  one  of  the  Interfering  waves  is  dominating  in  in¬ 
tensity,  and  its  amplitude  is  not  less  than  twice  the  ampli¬ 
tude  of  the  other  waves. 

Interfering  Waves  with  Different  _Amp.lltudeB.  In 
this  case,  one  complex  wave  is  registered  in  the  interference 
zone.  The  -shape  of  the  complex  wave  may  differ  substantially 
from  the  shape  of  the  component  waves  and  frequently  varies 
radically  with  changing  distance  from  the  explosion  point. 

These  sharp  changes  in  the  form  of  the  record  with  distance, 
the  appearance  and  the  vanishing  of  additional  extrema,  al¬ 
ternating  increase  and  decrease  in  the  amplitudes,  and  also  the 
considerable  changes  in  the  magnitude  of the  apparent  velocity, 
all  are  characteristic  of  recordings  of  waves  in  the  interfe¬ 
rence  zone.  In  the  case  under  consideration,  it  is  usually 
impossible  to  separate  in  the  complex  oscillation  the  phases 
of  its  component  waves.  By  way  on  an  example,  Fig.  52  shows 
a  theoretical  seismogran  for  the  case  when  the  amplitudes  of 
the  interfering  waves  are  nearly  equal. 

In  interferences  of  this  type,  it  is  possible  to  tra¬ 
ce  on  the  recordings  only  the  phases  of  the  complex  wave.  The 
apparent  velocities,  determined  from  the  phases  of  the  complex 
oscillation,  frequently  vary  sharply  within  the  interference 
zone,  and  their  magnitudes  may  be  either  intermediate  between 
the  values  of  the  apparent  velocities  Vi*  and  V2*  of  the  two 
interfering  waves,  as  well  as  smaller  than  the  smallest  or 
greater  than  the  greatest  of  the  values  o‘f  Vi*  or  ?2*. 

In  the  case  of  horizontally  stratified  media,  these 
distortions  of  the  apparent  velocities  due  to  the  interferon- 


wv»s  may  cause  a  considerable  deviation  from  pa-; 
of  i££'ho4ographe  of  the  phases  of  the  complex  wave 
and" th a *  overtaken  or  overtaking  hodographs  of  the  P **aSefe  01 

In ^ the  case  under  considers  t ion t  it  is 

to  stop  the  correlation  of  each  simple  wave  in  the  interxe» 

yM-,cs&  son **  and  to  trace  only  the  phases  of  the  complex  w  ~. 

fh.es «  nhasss  must  be  plotted  on  a  ho do graph,  in  order 
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sition  of  oscillations  of  the  weaker  ««.  In  e°jn«ct: Lon  with 

the  practically  unchanged  form  of  the  dominating  w*  » 

be  traced  continuously  through  the  interference  zone,  Eh. 

c*«Sa?ion  of  the  wave  with  email  amplitude  experiences  a  dls- 
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then  the  wave  with  the  smaller  amplitude  frequently  cannot 
separated  in  the  region  of  the  subsequent  arrivals  (  -8*  •> 

wav®  t2).  apparent  velocity  of  the  dominating  wave  in  the 
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Pig,  52.  Theoretical  seismogram,  plotted  for  the  case  when 
the  amplitudes  of  the  interfering  waves  ti  and  %2 
are  nearly  equal.  The  solid  lines  show  the  con¬ 
tours  of  the  interference  zone.  The  short  strokes 
note  the  phases  Tq  1 ,  T^",  ...»  Tg 1 ,  To"  of  the  sim¬ 
ple  waves,  the  circles  indicate  the  phases  of  the 
interference  wave.  The  symbol  1 — 1  denotes  the  in¬ 
terchange  of  waves;  the  symbol  H  denotes  an  inter¬ 
ruption  in  the  correlation  of  the  Interference  wave. 
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Fis  ^3  Theoretical  seismogram  constructed  for  the  case 
rhen  th*  ratio  of  the  amplitudes  of  the  interfering  waves  ti 
na  t?  isiqual  to  two.  The  solid  lines  show  the  oont ours 
IS!  interlenence^one^  The  ^strohes  ^f^croe- 

ses  Indicate  the  phases  of  the  dominating  wave,  sllghtly^dls- 
torted  owing  to  the  superposition  of  the  wave  ti,  the  circle 
lenote  the  phases  of  the  interference  waves;  the  symbol 
Indicates  an  Interchange  of  waves;  the  symbol  — »  indicates 
ils continuity  in  the  correlation  of  the  interference  wa  . 
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In  this  connection  /‘"It  is  very  important  to  esta¬ 
blish  a  criterion  for  the  Identification  of  waves  registe¬ 
red  ahead  of  and  past  the  interference  zone.  The  principal 
criteria  in  this  case  are  as  follows: 

1)  parallelness  of  the  holograph  of  the  wave,  registered 
past  the  interference  zone,  to  the  overtaking  holograph  of 
the  wave  registered  ahead  of  the  interference  zone; 

2)  similarity  in  the  shape  of  the  recording  on  the  seisao 
grams  obtained  in  the  overtaking  systems. 
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Pig.  54-.  Seismograms  illustrating  the  Interference  of 
the  dominating  wave  ti  with  a  weaker  wave  tg. 


The  first  of  these  criteria,  as  shown  by  experiment, 
can  always  be  used  for  identification  of  waves  but  it  may  be 
found  to  be  insufficient  in  the  study  of  a  thinly  laminated 
layer,  in  which  there  are  several  layers  characterized  by  near¬ 
ly  equal  values  of  the  boundary  velocity. 

The  second  criterion  cannot  be  used  in  certain  cases 
for  the  identification  of  waves,  since  sometimes  the  waves  do 
not  hav#  any  characteristic  features  in  shape  of  recording 
which  would  permit  distinguishing  them  from  the  waves  corres¬ 
ponding  to  other  separation  boundaries. 

In  particular,  this  is  sometimes  observed  in  the  in¬ 
vestigation  of  media  in  which  there  is  a  large  number  of  thin 
layers  with  nearly  equal  velocities. 

Thus,  the  use  of  the  foregoing  two  criteria  for  the 
identif icatlon  of  waves  registered  on  both  sides  of  the  inter- 


ferenoe  zone  raises  difficulties  principally  only  on  the 
study  of’  a  multiple-layer  t&& dims*  In  which  there  are  siiis, 
layers  with  practically  equal  velocities. 

In"  all  other  cases*  the  identification  of  thw  wa 
rm  is  usually  reliable.  We  note  that  with,  the  identifies, 
tion  of ■ the  waves  it  is  impossible  in  most  cases  to  use  th 
criterion  of  the  ratio  of  the  amplitudes  of  the  considered 
way©  and  other  waves  since*  owing  to  the  fact  that  the  dif 
ferent  waves  are  differently  attenuated  with  distance*  thi 
ratio  may  be  quite  different  on. recordings  obtained  within 
overtaking  sys  terns . 

Particularly,  the  wave  which  is  dominating  on  re¬ 
cordings  obtained  with  a  nearby  explosion  point  may  lose-  its 
dominating  character  on  recordings  obtained  at  a  more  remote 
explosion  ’point.  Shis  is  clearly  seen  from  an  examination  of 
the  recordings  of  the  wave  t^  (Fig.  49) *  obtained  at  various 
distances  from  the  point  of  explosion.  Therefore,  Is.  the 
dentification  of  waves  registered  on  both  sides  of  the  in¬ 
terference  zone*  the  amplitude  symptoms  play  a  considers uly ^ 
smaller  role  than  symptoms  of  the  shape  of  the  recording  and 
of  the  parallel  nature  of  the  overtaking  ho do graphs* 


Singularities  of  the  Correlation  of  Waves  at  Different 
Types  'of  Measurements 


In  was  Indicated  in.  Chapter  III  that  when  working 
with  CHEW  the  following  principal  types  of  measurements  are 

mad©  i 


1)  longitudinal  profile  measurements . 
2}  transverse  profile  measurement* 


*2  j 

I  <£A,,v  %,•< 


survey  with  a  single  explosion  point. 


The  correlation  of  waves  in  each  of  the  indicated 
methods  of  measurement  has  certain  specific  features  which  we 
shall  now  stop  to  consider. 

Correlation  of  Waves  in  a  longitudinal  and, J£aaBB3SB££& 
Profile  Measurement!  In  longitudinal  profile  measurements,  the 
nstaSuesTrSrWpoint  of  explosion  to  the  seismographs  chan¬ 
ge  more  when,  moving  along  the  line  of  the  profit riyhan  in  trans¬ 
verse  profile  taking.  ,  ,  ,  ,  , 

In  this  connection,  the  changes  in  amplitudes  and  de¬ 
tails  of  the  shape  of  the  recording  of  waves  are  more  clearly 
seen  on  seismographs  obtained  with  transverse  profiles  than  on 


iseismographs  obtained  with  longitudinal  profiles,  since  oar~ 
transverse  profiles  these  changes  are  hardly  masked  by  the 
gradual  reduction  in  the  amplitude  of  the  wav©  with  increas¬ 
ed  distance  from  the  point  of  explosion. 

Consequently,  the  second  and  third  criterion  for 
the  recognition  of  wave  interchange  —  change  in  form  and  . 
change  in  amplitude  of  the  wave  —  can  be  used  more  frequently 
in  the  case  of  transverse  profiles  and  more  fully  than  in  the 
case  of  longitudinal  profiles. 

fhe  changes  in  the  degree  of  damping  of  the  waves.  . 
with  the  distance  and  the  changes  in  the  apparent  velocity  at 
small  changes  of  distance  from  the  point  of  explosion  to  the 
points  of  observation  can  hardly  be  discerned  on  the  records, 
'■Therefore,  the  fourth  and  fifth  criteria  for  the  recognition 
of  wave  interchanges  —  changes  in  the  degree  of  damping  of 
the  waves  with  distance  or  the  change  in  the  apparent  veloci¬ 
ty  —  can  be  used  in  the  case  of  transverse  profile  plotting 
to  a  lesser  degree  than  In  longitudinal  profile  plotting.  On 
recordings  obtained  in  longitudinal  profiles,  differences  in 
the  apparent  velocities  of  the  waves  and  in  the  degree  of  their 
damping  with  distance  can  be  seen  quite  clearly,  and  they  should 
be  used  in  the  correlation  of  waves.  On  recordings  obtained  on 
transverse  profiles,  these  distances  can  be  seen  only  when  the 
points  of  observations  are  sufficiently  remote  from  the  region 
of  minimum  of  the  ho&ograph. 

Thus,  the  changes  in  the  form  of  the  recordings  and 
in  the  amplitude  of  the  waves  are  more  clearly  se.cn  on  record¬ 
ings  obtained  on  transverse  profiles,  and  the  changes  in  the 
degree  of  damping  of  the  wave  with  distance  and  with  apparent 
velocity  are  more  clearly  seen  on  recordings  obtained  on  longi¬ 
tudinal  profiles.  Fig.  55  shows  two  seismograms  obtained  in  the 
study  of  a  vertically "stratified  medium  on  one  and  the  same  sea- 
tion  of  the  profile  on  longitudinal  (Fig,  S5&)  and  transverse 
sheeting  (Fig,  55b).  On  both  seismograms,  one  sees  one  in  the 
same  wave  interchange ;  the  stations  of  the  profile  to  which  the 
changes  are  assigned  differ  little  from  each  other  through  dif¬ 
ferences  in  the  magnitudes  of  the  drift  of  the  rays  to  diffe¬ 
rent  placements  of  the  explosion  points,  from  an  examination 
of  these  seismograms  it  is  easily  seen  that  the  replacement  of 
%  by  wave  tg  is  seen  much  more  clearly  by  the  amplitude  featu¬ 
re  on  the  recording  obtained  on  the  transverse  profile;  at  the 
same  time,  the  difference  in  the  apparent  velocities  of  the  wa¬ 
ves  tp,  tg,  t-x  is  more  clearly  seen  on  a  recording  obtained  in 
a  longitudinal  profile. 

It  should  be  noted  that  the  advantage  of  the  trans¬ 
verse  profiling  with  respect  to  the  utilization  of  the  peculia¬ 
rities  in  the  shape  and  amplitude  of  the  recordings  for  purpo¬ 
ses  of  correlation  is  particularly  important  in  the  Investiga¬ 
tion  of  vertically  stratified  media  (Section  7).  In  the  inves- 
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Seismograms  obtained  on  one  and  the  same  in 
terval  of  the  profile:  in  transverse  (a/, 
in  longitudinal  (b)  shooting. 


2Hc>  c.6.  Seismograms  obtained  at  one  and  the  same  point 
of  explosion  by  two  intersecting  profiles.  Th 
symbol  4370  indicates  the  station  isnere  the 
profiles  intersect. 


Itigation  of  horizontally  stratified  media  the  transverse  pro- 
filing  is  used  to  a  considerably  lesser  extent  and  usually 
the  distance  from  the  point  of  explosion  to  the  line  of  the 
profile  is  chosen  so  that  the  waves  do  not  interfere  with  each 

other  (Chapter  III,  Section  3). 

However t  even  in.  the  investigation  of  horlzontaliy- 
stratified  media  one  encounters  relatively  frequently  wave  in¬ 
terchanges  corresponding  to  different  separation  boundaries 
and  the "regions  of  registration  of  these. waves  do  no overlap. 
Such,  interchanges  of  waves  can  be  reliably  disclosed  xel  trans¬ 
verse  profiling  by  noting  the  changes  in  the  form  and  amplitu¬ 
de  of  the  recordings.  ,  • 

flie  advantage  of  the  correlation  oi  waves  -n  longi¬ 
tudinal  profiling  over  the  correlation  in  transverse  profiling 
lies  in  the  fact  that  in  longitudinal  profiles  the  observations 
are  usually  carried  out  at  several  explosion  points  whereas  in 
transverse  profiles  the  observations  are  carried  oui*  with  one 
explosion  point.  A  comparison  of  the  recordings  obtained  at 
different  points  of  explosion  facilitates  considerably  the  cor— 
relation  of  the  waves  and  manes  It  possible  to  disclose  mors 
reliably  the  interference  zones  and  the  zones  of  interchanges 
of  s insole  waves. 

On  the  Correlation  of  Waves  in  Area_Su^£ZB.  In  area 
surveys  it  is  possible  to  make  fuller  use  of  the  forefoing  cri¬ 
teria  for-  the  separation,  and  correlation  of  waves  and  for  the 
exhibition  of  their  interchanges  than  in  a  profile  measurement 
of  any  type.  She  elements  of  the  area  measurement  are  usually 
transverse j  longitudinal ,  and  lateral  profiles  which  are  placed 
in  different  manners  relative  to  the  point  of  explosion.  ^n- 
Becmently*  on  some  profiles  the  waves  must  be^  registered  with 
distances  A  from  the  point  of  explosion  which  change  little* 
and  in  others  with  distances  which  change  considers. Jly.  This 
makes  it  possible  to  exhibit  most  fully  all  the  dynamic  and  jp.- 
n  earn  tie  features  of  the  waves  and  to  take-  them  in, to  account  in 

f/h  ^  n  AT'Y* a!  p  'hi  011  * 

“in  area  surveys ,  the  waves  are  registered  at  the 
joints  of  intersection  of  different  profiles  with  equal  dis¬ 
tance©  from  the  point  of  explosion,  but  at  different  orienta¬ 
tions  of  the  profiles.  .  .  .  „  . 

A  comparison  of  the  recordings  obtained  at  different 
orientation  of  the  profile  makes  it  frequently  possible  to  exhi¬ 
bit  interchanges  of  waves  which  cannot  be  detected  for  a  single 
profile  orientation,  and  makes  it  possiole  to  establlsn  whether 
it  was  one  wave  that  has  been  recorded  or  a  complicated  oscil¬ 
lation  which  is  a  result  of  the  interference  of  several  waves. 

By  way  of  an.  example,  Fig.  56  shows  recordings  oo tann¬ 
ed  in  area  measurement  based  on  two  intersecting  profiles.  On 
seismo^ram  a,  a t  the  initial  portion  of  the  recording*  bne  ^ 
clearly  sees  two  waves  %  and  tp,  the  in-phase  axes  o.f.  wm.cn 


'hare  different  inclinations.  On  seismogram  b,  the  in-phase 
axes  of  the  waves  are  parallels  and  they  can  be  assumed  erro¬ 
neously  as  the  phases  of  one  in  the  same  wave  *  In  this  case, 
as  in  many  other  cases  encountered  in  practice,  area  measu¬ 
rement  makes  it  possible  to  establish  the  mutual  relationships 
between  different  waves  and  to  determine  the  directions  of 
their  approaches. 

She  principal  advantage  of  correlation  of^  waves  in 
the  case  of  area  survey  for  one  common  point  of  explosion,  over 
the  correlation  of  waves  in  profile  measurement  —  is  the  pos¬ 
sibility  of  reliable  control  of  the  correctness  of  the  correla¬ 
tion  by  correlating  waves  over  close  eontours/lS/ .  If  at  a  cer¬ 
tain  point  of  the  contour  a  definite  phase  of  the  investigated 
wave  haw  been  separated,  then  as  a  result  of  going  around  the 
contour  it  is  necessary  to  arrive  at  the  same  phase.  If  this 
is  not  fulfilled  then,  consequently,  in  some  part  of  the  contour 
the  observer  has  moved  over  in  error  during  the  correlation  to 
a  different  phase  of  the  same  wave  or  to  a  different  wave.  As  a 
result  of  a  thorough  examination  of  all  the  recordings ,  obtained 
along  a  closed  contour,  and  as  a  result  of  the  analysis  of  the 
causes  of  the  violation  of  correlation,  it  is  possible  to  dis¬ 
close  interchanges  of  simple  waves  and  zones  of  wave  interfe¬ 
rence  which  were  omitted  in  the  initial  circuit  around  the  con¬ 
tour.  In  profile  measurement  such  a.  control  over  the  correct¬ 
ness  of  the  correlation  is  lacking,  and  therefore  in  some  cases 
the  interchanges  of  waves  can  be  omitted  during  the  correlation. 

It  must  also  be  noted  that  in  the  correlation  of  re¬ 
cordings  obtained  in  area  measurement,  it  is  sometimes  conside¬ 
rably  easier  to  ascertain  in  some  cases  what  discontinuities  in 
the  correlation  are  connected  with  wave  interchange  and  which 
are  connected  with  local  changes  in  the  properties  of  the  sur¬ 
face  layer,  and  trace  a  contour  around  such  local  zones. 


4.  On  the  Correlation  of  First  Waves 


On  the  Advantages  of  Correlation  _of . Wa  v  e  SiJieg lg  te  rgjl 

as  First  Waves.  The  correlation  of  refracted  waves  registered 
as  first  waves  as  indicated  in  references /l6,24/»  can  be  carried 
out  more  simply  and  more  reliably  than  the  correlation  of  subse¬ 
quent  waves.  Shis  is  due  to  the  following  causes: 

1)  In  the  initial  portion  of  the  seismograms,  the  background 
of  a  regular  noise,  due  to  the  explosion,  is  considerably  less 
than  in  the  subsequent  portion  of  the  seismogram; 

2}  in  the  investigation  of  layered  media,  the  waves  which  are 
traced  in  the  succeeding  portion  of  the  seismogram  are  frequentl 


•separated  by  snail  intervals  of  time  from  the  other  regular 
waves*  with  which  they  interfere  to  one  degree  or  another. 

These  interference  phenomena  frequently  preveiu  tae 
separation  of  simple  waves  particularly  in  those  cases  wnen 
these  waves  have  low  intensity  compared  ^  ®mer  aominat^ng 
waves  *  in  the  initial  portion  of  we  recording,  is^fexenoe 
phenomena  play  a  considerably  smaller  role  than  *n  the  sab 
eeauent  part  of  the  recording,  and  they  can  be  more  regally  od 
served  than  In  the  subsequent  portion  of  ^e  seismogram,  anu 
this  facilitates  the  separation  and  the  tracing  of  the  simple 

waves.  ^  important  consequence  of  the  foregoing  two  sin¬ 
gularities  of  tracing  of  waves  in  the  initial  portion  01  .  ** 
wording  is  the  fact  that  waves  at  small  amplitudes  which  .*6 
quently  cannot  be  separated  in  the  region  of  su^eequenv  arri¬ 
vals  from  the  background  of  a  regular  noise  or  because  of  in 
terfereace  with  other  more  intense  waves,  can  be  *  ell®  uj-y  se¬ 
parated  and  traced  in  the  region  of  the  firs t 
circumstance  is  of  great  significance*  1^! 

Ay  of  surface  crvat&l  rocks,  since  soBOtlxos  fc*®  u- 

«S  SoJrSoSdiS  to  the  surface  of  the  crystal  rocie  Is  oha- 
raeteriaed  by  low  intensity,  and  it 

ln  the  region  of  subsequent  arrivals  mis  wave  from  the 
ground  of- intense  oscillations  of  waves  that  correspona  a 
Separation  boundary  in  sedimentation  rocks,  In  the  region  of 
first  arrivals  this  weak  but  stable  wave  can 
rated  on  the  recording  (Pig.  54b,  wave  tg)  and  xollowed  o  - 

a  great  distance. 

0«  the  Correlation  of  First  WaTegU&d-SSJ&MIJlgM 

rpy  p  i .  stranS’^1' Bp  Suing.,  Frequently,  the  waves  registered  as 

Hrit^rtn%r^rdings  'are  strongly  damped  with  distan¬ 
ce,  and  starting  with  a  certain  distance  from  the  °f  ®* 

plosion,  they  can  no  longer  be  separaieo  on  the  locoraing.  .* 


certain  cases,  if  me  eaarge  p 

first  waves  nevertheless  can  do.  separated  from  the  recording 
tS  upon  increasing  distance  from  the  point  of  explosion  too 
records  of  such  waves  cannot  be  obtained  in  legible nf  £b*-1rad 
way  of  an  example.  Fig.  57a  and  b  shows  toe  reooj*ai?«  ob.*xnea 
on  one  and  the  same  station  at  different  charges.  On  jeismo 
gram  c  was  obtained  at  a  greater  distance  from  the  point  eA 
s»ttv! n &  1  on  and  on  it  one  cannot  sens. rate  the  first  w&.e  •<! ,  i- 
tllll  of  thf  faSt  Sat  the  sensitivity  of  the  apparatus  has 
been  increased  to  such  an  extent  that  the  background  noise  is 

vlsiole.  ^  recordings  of  the  type  shorn  in  F^s.  57a  and  c, 

the  first  waves  my  be  erroneously  assumes,  to  be  the  -  -  1 

which  actually  are  subsequent  waves.  In  suc^5a®®5*nL rrSion 
correlation,  of  the  waves  on  the  seismograms  ana  a  ae^inea  hon 


;0f  the  regions  of  registration  of  different  waves  are  of  par¬ 
ticularly' great  significance.  If  the  different  waves  which 
appear  to  he  first  ones  in  time  of  arrival  on  different  sec¬ 
tions  of  the  profile,  are  assumed  to  he  one  and  the  same  wave 
and  continuously  correlated,  quite  incorrect  conclusions  can 
he  drawn  regarding  the  structure  of  the  media*  Let  us  dwell 
on  the  analysis  of  the  features  of  recordings  at  different  ra¬ 
tios  of  the  apparent  velocities  of  the  waves  and  let  us  consi¬ 
der  the  possible  errors  in  their  Interpretation. 

Different  Ratios  of  Apparent  Velocities  of_Ji£gj< 
Waves  Under  Conditions  of  ffhelr  S.trpng^J^mni^£^  Depending  on 
the  eelsmogeologieal  structure  of  the  medium,  three  different 
cases  are  possible  of  a  ratio  of  apparent  velocities  V*  of  a 
damped  first  wave  ti  and  subsequent  wave  t2*  which  may  be  as¬ 
sumed  to  be  the  first  in  time  of  arrival! 


1)  V*(t2)  V*(ti), 

2)  V*(t2)  V*(ti), 

3)  V*<t2)  ~  V*(tx). 


/  ^ 


1}  Case  V*  (t2)  >V*(ti).  "  j 

mis  case  is  frequently  encountered .In  the  study 
of  stratified  media  with  horizontal  and  inclined  sepaxa^oB 
boundaries.  As  this  ratio  of  the  apparent  velocities,  wate 
tie  at  a  certain  distance  1  from  the  point  °f 
actually  registered  as  the  first  wave  but  this  difeWnce  rs 
^eatsr  thci  the  distance  A  ,  starting  with  which  a  certain 
4 are  to  cart  be  assumed  to  be  the  first  wa re,  ©wing  t c  l. e 
~.„1 f " fiaiiioiiic  of  wave  ti  (Fig*  58) •  The  hodograph  of. 
first8 nave",  constructed  on  the  basis  of  the  correlated  naves, 
b»®  p  form  which  is  typical  for  a  stratified  meaium  when  the 

laws "of  geometric  seismics  are  observed,  !*©•*  SrloStan  are 
■oparini?  at  greater  distances  from  the  point  ox  ^xplosxan  are 
characterized  by  greater  apparent  velocities  tnan  toe 
registered  at  shorter  distances  from  the  poxnt  of  explosion, 
The  feature  of  this  hodograph  is  that  the  holographs  of  the 
waves  that  are  successively  replacing  eaen  otner  do  no*,  1- 
tersect,  whereas  in  some  eases  the  displacements  of  ™ 
branches  of  the  ho&ographs  along  tb.e  time  axis  may  be  -el  - 
tively  large . 

2)  Case  V*  (tg)  «C  V* ( tj ) . 

-  Such  a  ratio  of  apparent  velocities  of  registered 
waves  is  observed  if  the  structure  of  the  medium  includes  a 
screening  layer  with  a  velocity  which  is  ia^ease ? 
with  the  velocities  in  the  lower  layers*  It  has  been  shown  . 
experimentally  in  reference  /lO/ that  if  the  scr eening  l^y 
is  characterised  by  a  thickness  hs  smaller  than 
•,  x  incident  on  its  surface  (h/ A  “  ®*Oo  to  o ,  jo ,<  *  uaen 

first  of  all  in  spite  of  the  laws  of  geometric  seism  acs,  re- 
fracted  waves  are  produced  corresponding  to  the  lower  layers 
5S  doomed lenities;  secondly,  the  refracted 
responding  to  the  screening  xayer  of  low  thickness  are  rapia 
ly  damped^ with  distance.  Therefore,  starting  with  a  cer- tain 
distance,  the  wave  %2  (Fig.  57a,  rig.  59;, 

a  screening  layer,  has  the  same  appearance  on  the er£ave^l 
as  a  first  wave.  The  holographs  of  tue  first  wave^  have 
this  case  a  form  analogous  to  that  shown  in- 5 ig.  aid. 

In  this  case,  it  is  necessary  to  nave  particularly 
careful  correlation  of  the  waves  since  in  the  absence  of  a 
complete  system  of  observations  the  recordings  in  the  ^do 
graph  of  this  type  may  erroneously  be  ascribed  to  a  sharp 
mere ion  of  one  in  the  same  boundary# 

3}  Case  V#(t2)  =  T*(ti). 

This  case  is  encountered  in  the  investigation  of 


Pig,  57.  Seismograms  which  illustrate  the  damping  of 
first  waves  with  distances, 
a,  h  —  seismograms  obtained  on  one  and  the 
same  station  at  different  charges, 
c  ~~  seismograms  obtained  at  greater  distan¬ 
ces  from  the  point  of  explosion. 


Pi  o 


media  in  which  there  are  relatively  thin  layers  with  increas¬ 
es  by  practically  equal  velocities.  In  this  case,  as  also  in 
the  second  case  considered  above,  a  deviation  takes  place  from 
the  laws  of  geometric  seismlcs.  When  the  wave  is  incident  at 
the  limiting  angle  on  the  boundary  of  the  upper  refracting  lay¬ 
er,  part  of  the  energy  passes  through  this  layer  and  gives  rise 
to  refracted  waves,  corresponding  to  the  lower  layers.  Thus, 
in  spite  of  the  laws  of  geometric  seismics,  the  lower  layers 
are  not  shielded  by  the  upper  thin  layers  which  are  characte¬ 
rized  by  the  same  values  of  velocity. 
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Fig.  59.  Seismograms  which  illustrate  the  damping  of 

•  the  wave  ti  corresponding  to  a  thin  screening 
layer,  with  distance.  Wave  t2  corresponds  to 
the  screened  layer. 


In  this  case,  the  in-phase  axes  of  the  waves  on  the 
seismogram  are  practically  parallel  (Fig.  60)  and  consequent¬ 
ly  the  holographs  based  on  them  are  also  parallel. 

Frequently,  some  of  the  waves  are  damped  more  rapid¬ 
ly  with  distance  than  others,  as  a  result  of  which  the  parallel 
branches  of  the  holograph  have  a  different  extent.  In  particu¬ 
lar,  on  the  seismogram  of  Fig.  60,  wave  tq  attenuates  more  ra¬ 
pidly  with  distance  than  wave  t2.  , 

The  parallel  nature  of  the  holographs  of  the  first 
waves  can  lead  in  some  cases,  particularly  if  the  waves  are  in¬ 
sufficiently  well  resolved  on  the  seismogram,  to  a  fals  e  con¬ 
clusion  that  the  constructed  hodographs  represent  holographs  of 
chases  of  one  and  the  same  wave.  Therefore,  in  the  correlation 
of  waves  it  is  necessary  to  pay  particular  attention  to  the  de¬ 
lineation  of  the  regions  of  registration  of  different  waves.  A 
solution  of  this  problem  must  be  based  principally  on  the  exa¬ 
mination  of  the  dynamic  characteristics  of  the  waves  —  on  a 


no 


'comparison  of  their  intensity  and  on  the  examination  of  the, 

degree  of  their  damping  with  distance.  <T,  **  f  fp- 

The  experience  of  the  Geophysics*  InSwitUv©  ir.  drix., 

^  t  P8<rions  has"  shorn  that  the  curves  that  show  the  dependen- 

oe  of  the  amplitude  on  the  distance,  plotted 

me  and  the  same  mire,  are  practically  parable--.  wx..-.a  Xai- 
j,,,  exc^ntions  whereas  curves  constructed  for  different  wa.y»s» 
frequently  differ  substantially  from  each  other. 
nr-onounced  differences  in  the  degree  of  damping  of  the  traced 
-mves  with  distance,  under  insufficiently  good  resolution  of 
the  waves  on  the  recording,  may  he  used  to  resolve  the  problem 
of  whether  the  registered  prolonged  oscillation  corresponds  uo 
one  or  to  several  waves. 


5.  Finding  the  Initial  Points  on  th 


i.e  Records  of  Refracted  Waves 


The  finding  of  the  initial  points  on  the  records  of 
refracted  mvei  pS^I  an  important  role  in  the  OMM  for  the 
following  reasons : 

1)  the  determination  of  the  initial  points  helps  establish 

the  limits  of  the  region  of  existence  of  ^fj^^nretfSon^ 
waves ,  which  is  quite  important  for  further  interpretation, 

2)  the  coordinates  of  the  initial 

of  the  refracted  waves  can.  be  used  to  determine  th®  a/e.r 
locities  up  to  -the  refracting  boundaries  (Chapter  V,  Section  3), 

On  the  basis  of  the  experience  gained  with  the  CMSW 
under  different  seismcgeological  conditions,  it  has  been  estj- 
vusheti  that  different  cases  of  separation  of  *he  ini  via,,  points 
S  Sf rSSdSgs  cS  be  subdivided  into  the  following  two  oa- 

tegcries t 

a)  one  registers  the  refracted  and  reflected  waves,  °™es“ 
ponding  to  one  and  the  same  separation  boundary  /42/, 

vs  nn&  registers  only  the  refracted  waves, and  the  reflected 
wave4  correspond ing  to  the  same  separation  boundary  are  missing. 

Let  us  examine  the  question  of  the  dynamic  peculiari¬ 
ties  of  the  recordings  which  make  it  possible  to  display  t  e 

initial  points  in  the  foregoing  two  cases.  Preset 

An  -h'hcs  Senaration  of  th©  xw i  t i a  1  ...l Q. 

Aes  ^  p^fracted'a Sid  Reflected  Waves 

'''^e^aaldncation  of  the  regions  of 


§®^SISvfrvSlfttlt  and  rth^;3ta?S;,'corr8SPo5aing  to 


ithe  same  separation  boundary  ,  the  following  three  cases  are, 
encountered: 


1)  interchange  of  the  reflected  wa ires  by  a  refracted  wave 


accompanied  by  a  sharp  change  In  the  dynamic  feature 


of  the 


records*  on  the  basis  of  which  it  is-  possible  to  establish 
with  sufficient  accuracy  the  position  of  the  initial  point; 


2)  in  the  region  of  the  replacement  of  the  reflected  wave 
-  by  the  refracted  wave  there  takes  place  a  gradual  change  la¬ 
the  dynamic  features  of  the  wave;  in  this  case*  it  is  possible 
to  oscillate  on  the  recordings  the  region  where  the  initial 
point  is  located,  but  the  position  of  this  point  cannot  be  es¬ 
tablished; 


3)  the  replacement  of  the  reflected  by  the  refracted  one 
is  not  accompanied  by  dynamic  singular! ties  in  the  records*  and 
in  the  correlation  of  the  seismograms  it  is  impossible  to  se¬ 
parate  not  only  the  position  of  the  initial  point,  but  even  uke 
region  where  it  is  located. 

Case  1,  The  principal  dynamic  features  which  are ^ob¬ 
served  in  the  interchange  of  a  reflected  wave  by  &  ref rac tea 
wave  are  as  follows: 


1)  change  of  form  of  the  recording  without  a  noticeable^  chan¬ 
ge  in  the  predominant  period  and  the  duration  of  the  oscilxa- 
tion; 

2)  increase  in  the  duration  of  the  pulse  —  appearance  of 
earlier  or  later  ptoses  of  oscillations; 


3)  increase  in  the  predominating  period; 

4}  increase  in  the  intensity;  only  in  relatively  rare_ cases 
can  one  note  on  Hie  recordings  simultaneous  changes  of  the  pe¬ 
riod,  duration  of  the  oscillations,  details  of  the  outline  of 
the  recording,  and  the  amplitude*  for  the  most  part,  one  no¬ 
tices  on  the  recordings  only  one  or  two  of  the  foregoing  symp¬ 
toms,  most  predominantly  the  latter  two. 

Fig,  61  (a)  shows  an  example  of  the  recording  on  which 
the  initial  point  is  clearly  identified  by  the  increase  in  the 
amplitude  and  by  the  appearance  of  earlier  phases  of  os cilia- 
‘fcions*  The  sh&i?p  inc^es.se  Xu  “the  si&pXi'feuds  txpo&  ;r8p«~& cssis&'fc  ox 
the  reflected  waves  by  the  refracted  wave  is  seen  particularly 
clearly  upon  comparison  with  the  wave  ty,  which  is  damped  with 
increasing  distance  from  the  point  of  explosion. 

Case  2,  In  the  region  of  transition  from  the  re- 


/  13 


mo 


61.  a  -  Seismogram  on  which  the  replacement  of  the 

reflected  wave  by  the  refracted  wave  (tj)  is  no¬ 
ted  by  the  dynamic  features  of  the  recording; 
b  -  seismograms  on  which  the  initial  point  of  the 
wave  to  can  be  noted. 


fleeted  wave  to  the  refracted  wave  one  observes  a  gradual  "in- 
crease  in  the  amplitude*  the  amplitude  reaches  a  maximum  past 
the  initial  point  in  the  region  of  registration  of  the  refrac¬ 
ted  waves,  and  then  diminishes  smoothly  with  increasing  dis¬ 
tance  from  the  point  of  explosion.  To  determine  the^ initial 
points  of  this  type,  it  is  necessary  to  have  control  over  the 

sensitivity  of  the  apparatus*  ( 

In  some  oases  in  the  region  of  initial  points  ons^ 
observes  also  a  gradual  incr00.se  in  the  period®  Th&  predomi¬ 
nating  period  on  the  recordings  are  usually  somewhat  greater 
in  the  region  of  registration  of  refracted  waves  than  in  the 


region  of  registration  of 


fleeted  waves ; 


>ut  the  change 


the  periods  is  frequently  so  smooth  that  it  cannot*  obser¬ 
ved  directly  from  an  examination  of  the  seismograms  and  re¬ 
quires  special  measurements. 

Case  3.  In  the  region  where  the  reflected  wave  Is 
replaced  by  the  refracted  wave  no  changes  are  observed  at  all 
in* the  dynamic  characteristics  of  the  waves*  In  these  cases, 
the  position  of  the  initial  point  can  be  established  only  from 
kinematic  identification  with  the  aid  of  the  criterion  ‘'hat 
the  overtaking  ho  do  graphs  must  be  parallel,  (chapter  t ,  Jec^on 
2}«  In  some  cases,  particularly  at  small  differences  in  the 
velocities  in  the  covering  medium  and  along  the  refracting  ^ 
layer,  the  position  of  the  initial  points  cannot  be  established 
on  the  basis  of  an  examination  of  1 he  seismograms  and  tne  ho  do- 
graphs  constructed  from  them,  for  at  a  sufficiently  large  dis¬ 
tance  from  -the  point  of  explosion  the  overtaking  ho  do  graph  of 
“tAus  w&ys  is  p;r&ct»ic8.XXy  psr^Xl^X  “to  %'&&  OY63?  v&fciXiK 

hodograph  of  the  reflected  wave,  in  these  cases,  the  position 
of  the  initial  points  can  be  determined  only  by  plotting  the 

section  (Chapter  IX,  Section  5) .  „  ,  ,  ,  _ 

The  experimental  data  obtained,  by  the  Geophys real  ins 
titute  show  that  one  encounters  most  frequently  the  third  case 

and  most  rarely  the  first  case*  , 

Frequently  for  one  and  the  sains  separation  Dounaary , 
at  one  position  of  the  explosion  point  one  observes  distinct 
dynamic  feature©  of  the  recordings  in  the  vicinity  of  the  ini¬ 
tial  points ,  while  at  other  positions  of  the  point  ox  explosion 
the  initial  points  cannot  be  separated  on  the  recordings* 
question  of  the  dependence  of  the  dynamic  singularities  of  the 
initial  points  on  the  seismogeological  structure  of  the  medium 
is  still  unclear  to  the  present  day  and  requires  a  special  stu- 
fix' 

The  practice  of  the  Geophysical  Institute  shows  that 
cases  when  the  refracted  and  reflected  waves  corresponding  to 
o^e  ana  the  same  separation  boundary  would  be  separated  simul- 

,  .  *  ^  _  *  „  Jk  JL.A  f  *4.  41  4»  #n 

0 


to  the  laws  of  geometric  saisffilcs  reflected  waves  should  be 
registered,  the  intensity  of  the  recorded  oscillations  Is 
quite  small  and  therefore  it  is  impossible  to  assume  that  the 
reflected  waves  are  masked  by  other  oscillations* 

Apparently,  the  reflected  waves  have  quite  a  small 
amplitude  in’ this  case,  not  exceeding  the  amplitude  of  the 
noise  background,  These  experimental  data  are  in  good  agree- 
meat  with  the  results  of  the  theoretical  investigations  of  L. 

P.  Zaytsev  and  N.  V.  Zvolirskly  (Chapter  I)  /39/ . 

On  the  Separation,  of  the  Initial  . Points„„in_,ph e. „Ah- 
sene e  of  Ref  1  acted  Waves  Corresponding  to, -the  One  .and  the,  g%me 
Separation  Boundary,  Frequently,  there  are  registered  on  the 
chard^lreveswhTcb^ are  refracted  on  the  separation  boundaries, 
which  are  not  reflecting.  In  these  cases,  the  initial  points 
of  the  refracted  waves  are  determined  from  the  appearance  ox 
intense,  oscillations  on  the  recordings  which  frequently  are 
seen  against  a  quiet  background  (Fig*  56  and  Fig.  61b),  home- 
times,  the  amplitude  is  small  at  the  initial  point,  but  upon 
further  increase  from  the  point  of  explosion  it  increases  ra¬ 
pidly  to  a  maximum  after  which  It  starts  diminishing  with  dis- 
tsincG* 

In  soma  cases,  the  wave  is  masked  by  noise  in  the  re¬ 
gion  of  the  initial  points  of  refraction,  for  example  by  sur¬ 
face  waves  or  by  refracted  and  reflected  waves,  corresponding 
to  other  separation  boundaries.  In  these  esses,  the  point  ox 
emergence  of  the  refracted  wave  from  the  interference  zone 
with  other  waves  can  be  erroneously  taken  to  be  the  init-.al 
points.  Therefore,  in  solving  theproblem  whether  the  point 
under  consideration  is  the  initial  one,  it  1b  necessary  to  ex¬ 
amine  very  carefully  the  recordings  and  to  assign  reliably  to 
the  initial  points  only  those  at  which  the  appearance  of  tne 
reflected  waves  takes  place  against  a  quiet  background  ana  when 
this  wave  is  not  preceeded  by  another  intense  wave  separated 

from  it  by  a  small  time  interval.  „  ■  ^ 

Experience  shows  that  cases  when  only  refracted,  waves 
corresponding  to  some  separation  boundary  are  registered,  and 
reflected  waves  are  missing,  are  quite  frequent,  particularly 
in  the  investigation  at  low  depths  ■ —  up  to  100  meters,  Ine 
initial  points ’of  waves  in  these  cases  can  be  separated  rela¬ 
tively  rarely,  owing  to  superposition  of  Intense  waves  corres¬ 
ponding  to  other  separation  boundaries,  and  ale  owing  to  irre¬ 
gular  noise, 

Finally,  frequently  the  refracted  waves  corresponding 
to  certain  separation  boundaries  can  be  registered  only  in  the 
region  of  first  arrivals  and  they  cannot  be  separated  in  -he 
region  of  subsequent  arrivals;  in  particular,  this  takes  p^ace 
when  the  refracted  waves  have  low  intensities.  In  these  cases, 
the  initial  points  of  the  waves  can  in  general  not  be  separa¬ 
ted  on  the  recordings. 


On  the  Correlation  of  Wares  in  the  Case  of  M< 
Are  Nearly  Horizontally  Stratified 


edla  which 


fh ©  Ohara e ter  of  S eismlo 

aflntfti Tyls tr&tlf led  Media,  in  the  case  of  media  which  are 
SSHFhoHa^tSiretratified,  one  can  usually  separate  sere- 
ral  refracted  wares  on  the  seismic  records*  Depending  on  the 
velocity  characteristic  of  the  medium,  different  relations  are 
'possible  between  the  apparent  velocities  of  the  registered  w&“ 

in  the  case  of  sharp  velocity  differentiation,  of  tae 
medium,  the  apparent  velocities -of  the  waves  differ  gre&t-M 
from  each  other  (fig*  59) *  In  the  case  of  weak  vexocity  dif¬ 
ferentiation  of  the  medium,  the  apparent  velocitiu^OA^t^.-  wa 

^  3*.  Xj* 


stigated 

medium  coasists^of 'intermittent  relatively  thin  layers  with 
increased  and.  decreased  velocities.  In  this  case,  as  ln»*  .oa- 
ted  in  Section  4,  several  waves  can  occur  corresponding  to 
differ  nt  thin  layers  with  increased  velocity,  Mim  u 

the  velocities  in  the  thin  layers  are  close  to  each  other,  one 
can  register  on  the  seismograph  several  waves  with  practically 
parallel  in-phase  axes  (fig,  60}*  , 

Zones  of 

rtf  Hnri sontellv-Stratif ied„KefU^,  The  refracted  waves ^eor res- 
p^cnd*i£i'~to*'  different  separation  boundaries  interfere  with 
each  other  at  definite  distances  from  the  point  oA  exp^ceion. 
In  the  zone  of  interference,  theos dilations  of  one  of  tue 
waves  are  superimposed  on  the  oscillations  of  another  wave 
and  form  one"  complex  interference  oscillation.  ih-B  distan¬ 
ce  from  the  point  of  explosion  to  the  start  of  the  zone  or 
interference  of  two  waves  depends  on  the  diff ©ranee  o*  ae 
depths  in  both  refracting  boundaries,  on  the  differences  ia 
the  magnitudes  of  the  boundary  velocities  sad _ layer  velocities 
in  the  media  covering  both  separation  boundaries  and  als-  on 
the  duration  At  of  the  oscillations  of  each  of  the  waves. 

If  the  average  velocities  in  the  covering  meet  as.  re 
main  constant,  the  distance  fro®  the  point  of  explosion  to  tae 
start  of  the  interference  son©  increases  with  increasing  aif- 
Terence  between  the  depths  of  the  refracting  boundaries,  ana 
with  diminishing  difference  in  the  correspondxng  boundary  ve¬ 
locities,  and  also  with  diminishing  duration  of  oscillations 
of  each  simple  wave.  The  extent  of  the  interference  fane  of 
two  waves  is  the  greater  Hie  smaller  the  differences  .in  the 
...  -  '  ‘1-  waves  and  the  lr,T5 

le  5 
f  two 


velocities.  In  the  calculations  we  determine  the  distance 
between  ooints  a  and  b  of  the  observation  lens,  at  which  one 
of  the  waves  begins  at  the  instant  when  the  oscillation  of 
the  other  waves  ceases.  In  the  interval  between  points  a 
and  b,  one  of  the  waves  begins  before  complete  cessation  of 
the  oscillation  of  the  second  wave,  and  consequently,  the 


interfere  with  each 

other. 

Serial------ . 

Vj*  Duration  in  , 

- — —of  the  oscil- 

#  : 

in  m/sec.  lflons  secs 

i 

i 

2500 

5000 

0.04 

2 

2500 

3000 

0,04 

Table  5 


interference 
zone,  meters 


400 

1200 


The  first  case  indicated  in  Table  5  is  encountered 
in  particular  in  the  case  of  interference  of  a  wave  corres¬ 
ponding  to  a  surface  of  crystal  rocks  with  a  wave  correspon¬ 
ding  to  a  separation  boundary  of  a  sedimentation  layer  above 
it  (Fig.  49),  The  second  case  is  encountered  in  the  inter¬ 
ference  of  waves  corresponding  to  different  separation  boun¬ 
daries  in  the  sedimentation  thickness  at  relatively  small 
differences  in  the  limiting  velocities.  Waves  with  such  dif¬ 
ferences  In  the  apparent  velocities,  or  even  with  smaller  o- 
nes,  If  separated  by  small  time  intervals,  can  frequently  be 
traced  under  the  conditions  of  Interference  phenomena  over 
quite  a  long  extent,  sometimes  over  the  extent  of  several  ki¬ 
lometers  (Fig.  114).  As  a  result,  one  can  frequently  trace  a 
complex  interference  oscillation  over  the  entire  length  of  the 
orofiil  e . 

The  geometric  dimensions  of  the  interference  zone 
in  the  case  of  horizontally-stratified  media  are  frequently 
less  than  follows  from  calculations,  based  on  the  magnitudes 
of  the  aoparent  wave  velocities.  This  iseonnected  with  the 
fact  that" the  refracted  waves  corresponding  to  different  se¬ 
paration  boundaries  attenuate  to  a  different  degree  with  dis¬ 
tance,  In  particular,  in  some  cases  the  waves  corresponding 
to  layers  with  nearly  equal  boundary  velocities  are  charac¬ 
terized  by  a  different  degree  of  attenuation  with  distance. 
Because  of  the  attenuation  of  one  of  the  waves,  only  one  simpl 
wave  is  actually  traced  at  distances  from  the  explosion  where 
both  waves,  judging  from  the  magnitudes  of  the  apparent  velo¬ 
cities,  should  form  one  complex  Interference  oscillation. 

The  difference  In  the  degree  of  damping  of  the  re¬ 
fracted  waves  with  distance  facilitates  the  correlation  of  the 


waves  in  the  investigation  of  media  witl  small  differences  in 
boundary  velocities, 

Lo cation  o f  In t erf e  r erie  e  2 ones . and^Mer chang IMLJSJL 

Simple  Way  eg ,  .Relative  to.,  the  Point  of  Explosion,  Th&  distin¬ 
guishing  feature” of  the  correlation  of  waves ,  in  the  ease  of 
media  which  are  close  to  horizontally-stratified  *  lies  in  the 
fact  that  tbs  interference  zones  of  the  waves  and  the  inter¬ 
changes  of  the  waves  corresponding  to  different  separation 
boundaries  are  observed  approximately  at  equal  distances  from 
different  explosion  points. 

With  this ,  the  dynamic  features  of  the  same  waves  re¬ 
gistered  at  equal  distances  from  different  explosion  points, 
are  similar  in  the  majority,  of  .oases,  provided  there  are  no 
substantial  differences  under  the  condition  of  excitation  of 
the  os c lllat ions , 

Singularities  of  the  Correlation  of  Refracted.,  Wav,eg. 

In  Observation  on ' Longitudinal  'Profiles .  In  connection  with 
the  fact  that “in  the  case  of  media  which  are  close  to  hori¬ 
zontally-stratified  the  interference  zones  and  the  zones  of 
interchanges  of  simple  waves  are  located  at  equal  distances  from 
the  point  of  explosion,  if  is  necessary  in  the  correlation  of 
the  waves  to  compare  records  obtained  for  different  explosion 
points  at  identical  distances  from,  these  points.  In  some  ca¬ 
ses,  this  makes  it  possible  to  determine  more  accurately  the 
position  of  the  regions  where  the  waves  interchange, and  the 
contours  of  the  interference  zones. 

The  identification  of  the  waves  registered  in  oppo¬ 
sing  systems  is  usually  carried  out  reliably  on  the  basis  of 
a  correlation  interrelation  by  mutual  points. 

The  identification  of  waves  registered  in  the  same 
interval  of  profile  with  overtaking  systems  of  observations 
can  be  carried  cut  primarily  on  the  basis  of  parallel  in-pha¬ 
se  axes  of  different  waves,  and  consequently,  on  the  basis  of 
parallel  overtaking  hodographs. 

We  note  that  this  criterion  is  not  always  sufficient 
for  the  identification  of  waves  obtained  In  overtaking  systems, 
in  connection  with  the  fact  that  in  a  sedimentation  region,  as 
indicated  above,  one  frequently  encounters  thin  layers  with 
nearly  equal  boundary  velocities,  The  dynamic  features  of  the 
waves" registered  in  overtaking  systems  are  similar  in  the  case 
of  refracting  layers  which  have  a  considerable  thickness ,  and 
are  characterized  by  weak  absorbing  properties.  In  the  case  of 
relatively  thin  layers,  and  also  in  "the  study  of  thick  layers 
which  are"  characterised  by  strong  absorption,  the  dynamic  fea¬ 
tures  of  the  recordings  obtained  in  overtaking  systems  may  be 
d  iff  a 

Considerable  difference  may  also  take  place  in  the 
amplitude  features  of  the  waves:  waves  which  appear  to  domi¬ 
nate  on  the  recordings  obtained  for  a  nearer  point  of  explosion 


differences  in 


frequently  lose  the  dominating  character  on  recordings  ob- 

iained  at  a  more  remote  point  of  explosion., 

Prom  an  examinat&n  of  the  leatures  of  the  identifi 
cation  of  waves  in  overtaking  systems  it  follows  that  it  cannot 
always  he  reliable.  Therefore,  theprincipal  “  , 

t err elation  of  the  waves  must  be  carried  oat  bj  UB-ng  oppos  ng 
systems.  The  correlation  interrelation  of  waves  by  means  cu 
ovI£ta?ins  systems  should  be  considered  as  auxiliary  and  can 
IV of  impendent  significance  principally  In  those  cases  when 
•on**  registers  the  small  number  of  waves,  having  chara steris 
tic  dynamic  features  and  different  apparent  velocities* 

Singularities  of  the  gpj^elatipn.,of  Refra?teQa^ 
observations  on  Transverse  Profiles,.  In  the  case  of  a^h 

?i^tiai^  arable 

ferent  separation  boundaries  are  cnarac termed  y  -  hodo„ 

form  of  recording.  In  the  region  of  f'  to 

graph,  the  apparent  velocity  of  each  of  the  waves  is  close  to 

infinity.  ^  ^  case  Qf  a  large  boundary  velocity  in  the  re¬ 
fracting  layer,  the  region  of  the  minimum  of  the  traverse  ho- 
dogranhSmay^be  quite  extensive,  and  therefore  the  princxpal 
criteria  for  the  detection  of  an  interchange  of  waves  are  tn 
changes  in  the  form  and  amplitude  of  the  wave,  xhe  cnange  in 
the  damning  of  the  wave  with  distance  and  a  change  in  the 
Trent %S.lL  to  the  case  of  a  borlsoutally-Ptratlf led  me- 
dium  may  be  difficult  to  disclose  on  the  recordings  ob.ainea 
with  transverse  profiles.  In  this  connection,  foregoing 

criteria  to  a  lesser  degree  in  the  co waves'"' on 
The  zones  of  interference  of  refracted  waves  o. 

transverse  profiles  may  be  quite  extensive.  -  1  •  «.  *  - 

waves  are  observed  over  the  extent  of  the  entire  *  *  ”  from 
profile.  It  is  therefore  necessary  to  choose  fro 

the  point  of  explosion  to  the  transverse  profile  and  the 
length  of  the  profile  in  such  a  Banner  that  the  mves ^ich 
are  of  interest  for  the  solution  of  the  imposed  pro-p-c  in, 
problem  can  be  traced  outside  the  zone  of  their  inteiference 
with  other  waves  (See  Chapter  III). 

7.  Correlation  of  Waves  in  the  Case  of  Media  Close  to  ver¬ 
tically  Stratified. 


The  Character,  of .. 

ti  callv  Stratif  ied  Media.  If  the  vertical  or  steeply  incl in .... 

ISyirsTre  located  under  covering  rocks  (Fig.  Jr;%PrIratlon 
records  show  refracted  waves  corresponding  to  the  separation 
boundaries  dx,  dp,  in  the  covering  medium,  and  th^r 

fracted  wave  corresponding  to  the  surface  J  of  the  ay  ■ 
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rh,nrTp0  o-p  waves.  Some  of  the  waves  corresponding;  to  di: 

;p:  ;;r?y„yy;eJ-s  *f  Win  be  show  hk»  -mcoetslully  re- 
^Jcp  each  other  alone-  the  line  of  observation,  and  some  are 
registered  simultaneously  and  interfere  with  each  owner  usual¬ 
ly  '0ver  relatively  short  intervals  of  the  profile. 
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vertically-’stre  ti f ie  d  la  yer , 


deep” 
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Structure  of  a 

l  j»uT*face  of  vertical  layers, 
m  — ' refracting  boundary  located  somewhat 
er  than  the  surface  £  » 

In  tho^e  cases  when  the  verticallv-s tratiii ed  me&ioui 
characterized  by  velocities  that are  considerably  greauer  ve 
velocity  in  tne  covering  rocks,  the  wave  cor resp one. ing 
surface'"  of  this  medium  can  be  registered  over  oexitut-e  die 
ces  from  the  point  of  explosion  as  a  first  wave,  tne 

nf  aubseouent  waves-  there  may  be  registered,  in  sciax- 
orr SB poncing 


:-s  \r  »  e? 


to  the  separation  boundary  and 
covering  medium,  also  waves  connected  with  the  pnenoraena 
reflection  and.  refraction  by  different  vertical  separation 

n-4.io-^  t;pe  Verti call v-s tratif led  medium  is  .not  too 
Plv  located,  the  waves  corresponding  to  the  reparation  in 
evening  media  are  attenuated  relatively  rap-ox,/  w ..  «.* 

,.;  *;i  pt  certain  distances  from  the  point  of  explosion 

1  display-  only,  the  wave  corresponding 
noi  layers ,  This  distinguisnes  tne 


recordings 


x,n ! 


:e  of  the  vertical 


ran  o b t.s 


T.ae  vex  tauai  ioj  os.  •  x****-  v--~ . 

ned  in  the  case  of  vertically-stra tilled  mecaa  f*ou 


i  V  / 


the  records  obtained  in  the  case  of  horizontally-stratified 
media,  os  which  several  waves  are  usually  registered  in  one 

and  the  same  interval  of  the  profile.  .  .  _  +vw> 

We  examine  below  certain  principal  features  or  the 
recordings,  observed  in  the  case  of  a  vertislly-strat^f xe d 
medium,  “in  the  examination  it  is  assumea  that  the 
are  located  across  the  direction  of  the  vertical  layers  (Chap 

ter  III,  Parities  of  the  Correlation,  oiLWaves  In  Obser¬ 
vations  ^  ^  83af  r,  t 

of  the  rays  in  the  case  of  a  vertical  separation  boun&aij  oet 

ween  layers  with  different  velocities.  From  an  examination  of 
this  scheme,  it  is  seen  that  in  that  case  when  the  explosion 
noint  EEL  is  located  on  the  same  side  oa  the  contact  xine  a., 
the  layer  with  the  lower  velocity  Vp,  there  exists  simulta¬ 
neously  on  the  interval  01)  of  the  pirfile  two  refracted  waves 
Pi2t  and  and  when  the  explosion  point  is  located 

on  the  same  side  of  the  line  of  the  contact  as  the  -Layer  with 
the  larger  velocity  V3,  the  regions  ox  registration  of  refrac 
ted  waves  P131  and  P13P3  are  separated  on  the  plane  of  o*>jer 
vation.  In  section  tiot  the  line  of  observation,  the  refrac 
ted- diffracted  wave  F^i*  is  registered  as  the 
prime  sign  here  and  henceforth  indicates  in  what  portion 
the  path  the  wave  is  diffracted).  In  this  connection,  a*  the 
lines  of  contact  intersect,  the  recordings  °h  opposite  sys¬ 
tems  differ  from  each  other,  Shese  singularities  of  the  wa 
vss  registered  In  the  intersection  of  the  xine  ofcontac  .ae 
independent  of  whether  the  points  of  exploeinn  are  1 locate *  dl 
rectly  over  the  contacting  layers  ^Fig.  63,  EP1)  or  whevher 
the  investigated  medium  contains  other  vertical  separation  . 
boundaries  and  explosion  points  located  above  the  layers,  eha 
rac terlzed  by  other  velocities  )bP3)» 

a)  Explosion  Point  Lc cat  e  d  p 

the  Smaller  Telocity.  In  this  case,  ^-phase  axis  of  the^ 
waves  Pi2T  and  P1  intersect  the  certain  point  P  of 
tion  CP,  and  in  tSI1  interval  MD  the  Pi  21  wave  is  registered  d 
after  the  P1P^  wave.  Thus ,  the  simple  wave  P12l  .ls 
by  an  Interference  wave  which  in  turn  is  replaced  by  the  sim¬ 
ple  wave  Pio-zn.  The  region  of  simultaneous  existence  ox  the 
waves  Ptot  ,  at  small  depths  of  the  vertically ~s trati- 

fled  melfum  and"  sharp  differences  in  the  ends^ver 

medium  and  in  the  medium  that  covers  it  wsually  r 

a  small  distance,  and  both  waves  interfere  with  each  otner 

over  the  entire  section  CD  (Fig.  63). 

An  example  of  the  extent  of  the  region  of  simulta 

neous  existence  of  the  waves  Pi 21  and  P123I  is  shown  in 
Table  6. 


Pip-,  6t.  Diagram  of  the  course  of  seismxc  rays  ana 

theoretical  hodographs  in  the  case  ox  a  ver¬ 
tical  separation  boundary  between  layers  of 
different  velocities. 

Table  6 


H  5  n 
meters 


Ir." Meters  per  Second 


Extent  of  the 
Section  CD, 
Met  ers 


1500 


5000 


In  the  region  where  the  wave  ?l?l  is  replaced  by 
interference  wave  and  where  this  wave  is  replaced  by 

wave!  one  observes  considerable  changes  in  the  form  ant d 
aSMltude  of  the  recording.  These  features  usuaUy  make  It 
oossible  to  exhibit  reliably  the  interchange  of  traces. 


i  ¥3 


mmmmmmmc jssgsraraKiBHH 

nHHHBSS 


h‘ttM,  U’SOOt 
Mf-23fJrH60) 


HP! 87 


'8rn  OK/- 32Q) 


h  *  Pm  U=SOQl\ 


% (-mj-fme) 


ograms  that  iliu 
udinal  profile  u 
-  interchange  of 


y\  O  •  lr\ 


te  the  intercnange 
intersection  of  the 
es  as  accompanied  b 
e  no  interference  o 


i+rrfttrm 


! ! !M M i V’iiMU'h  SI! 


Q7  P 


111!  il}!l!!!i!S!!|!!|!!! 


I  •  I  i  i  I !  i  M  j  i  I 


jmn: 


up  f?2 


P8  ekO  36 


566m,  Mfm\r* 


A ‘26  m,  Q-200z 


fix  mo-mo 


lilMlii 


Seismograms  that  illustrate  Interchange 
of  waves  on  transverse  profiles  upon  in¬ 
tersection  of  the  contact  line, 
a  — —  interchange  of  waves  as  accompanied 
by  interference  phenomena: 
h  —  thp.re  are  no  interference  phenomena 


On  records  obtained ‘in  the  case  of  overtaking  sys¬ 
tems,  the  same  Slaves  will  be  registered,  and  the  interchange 
of  vraves  will  be  observed  in  the  same  station*  The  changes 
in  the  amplitude  of  the  recording  in  intersection  of  the  line 
of  contact  will  be  qualitatively  similar,  but  certain  quanti¬ 
tative  differences  may  be  observed,  due  to  the  fact  that  the 
changes  in  the  amplitudes  upon  interchange  of  waves  occur  a- 
gainst  a  background  of  a  smooth  re duct inn  in  the  amplitude 
due  to  the  increase  in  the  distance  from  the  point  of  explo¬ 
sion,  and  at  different  distances  from  the  point  of  explosion 
to  the  line  of  contact  this  background  is  different* 


h)  Point  of  Explosion  Located  on  the  Side  of,  the  JCaver^with 
a  Larger  Velocity*  In  this  case,  the  sons,  of  interference  of 
the  refracted  waves,  corresponding  to  both  layers,  in  the  re¬ 
gion  where  their  in-phase  axes  intersect,  are  missing.  In 
some  cases ,  the  refraction  of  waves  P131  and  Pj.321  differ 
considerably  in  shape  and  intensity  of  the  recording,  and  the 
presence  of  a  wave  interchange  say  be  established  from  these 


dynamic  symptoms. 

However,  as  shown,  by  experience,  in  most  cases  xt  is 
possible  to  separate  the  Interchanges  of  waves  reliably  on  the 
recordings,  obtained  principally  when  the  point  of  explosion  is 
located  on  the  side  of  the  layer  with  the  lower  velocity.  In 
these  cases,  the  indicator  of  the  interchange  of  w ayes,  in 
addition  to  the  dynamic  features  of  the  waves,  arc  the  Inter¬ 
ference  phenomena.  —  the  intersection  of  the  in-phase  axis  ox 
the  refracted  waves,  i.e.,  the  first  criterion  for  the  detec¬ 
tion  of  a  rave  interchange  (Section  1),  By  way  of  an  example, 
Pig*  6l  shows  records  obtained  on  a  profile  which  raters so  „s 
the  contact  line  of  two  vertical  layers,  with  overtaking  and 
opposing  systems  of  observations.  On  the  overtaking  systems 
(Pig.  64a,  b)  the  interchange  of  the  waves  is  clearly  demons¬ 
trated  by  the  sharp  decrease  in  the  amplitude  which  Is  obser¬ 
ved  in  one  and  the  same  station*  On  the  opposing  system  (Fig. 
64c),  the  interchange  of  waves  is  manifested  only  in  the  va¬ 
riation  of  the  apparent  velocity  and  in.  the  weak  increase  of 
the  amplitude;  an  accurate  position  of  the  place  wnere  the  in¬ 
terchange  occurs  cannot  be  clearly  obtained*  In  this  case,  the 
increase  in  the  amplitude  connected  with  the  interchange  ox 
the  waves  is  masked  by  a  smooth  decrease  in  the  amplitude  due 
to  the  increased  distance  from  the  point  of  explosion. 
Singularities  of  Correlation  ofjfhvj^^ 

0&  Transverse  .Profiles*  On  the  recordings  obtained  on  trans¬ 
verse  profiles,  the  difference  in  the  shape  of  the  recording 
and  principally  in  the  amplitudes  of  the  waves  corresponding 
to  vertical  layers  with  different  elastic  properties  can  be 


seen  particularly  clearly*  -  ,, 

This  is  due  to  thefaot  that  the  distances  from,  the 
point  of  explosion  to  the  different  points  of  the  proxile 


/ 


differ  little  from  each  other.*  The  zones  of  intersection  of 
the  in-phase  axis  of  the  waves  (Fig,  65a) *  corresponding  to 
different  media,  are  possible  for  &  similar  location  of  the 
point  of  explosion,  as  indicated  for  longitudinal  profiles. 
However*  owing  to  the  fact  that  on  the  transverse  profiles 


owing 


,  as  indicated  for  longitudin 
the  fact  that  on  the  transfer 


dynamic  features 
than  on  the  long 


waves  are  more  ex  ear. if 


pronoun- 


ngitudinal  ones*  wave  interchanges  can  ss 


located  on  the  recordings  in  those  cases,  when,  tae  zones ^of 
the  intersection  of  the  in-phase  axis  are  missing  (fig. 

,  It  should  be  noted  that  in  some  cases,  based  on  the 
Indicating  dynamic  features  of  the  recordings,  it  becomes  pos¬ 
sible  to  disclose  the  contact  lines -of  the  vertical  layers 


velocities 


WWW.  HWW  V  -  » 

ffer  considerably  little  in  magnitudes  of  the  boundary 


8,  features  of  Correlation  of  Waves  in  the  Case  of  Inclined 
Separation  Boundaries  and  Angular  Discrepancies  Between 


Character  of  Seismograms,  In  the  case  of  medium 
with  inclined  separation  boundaries,  characterised  by  diffe¬ 
rent  velocities ,  one  can  usually  separate  several  waves^on  the 
recordings.  Sometimes,  the  number  of  waves  is  relatively  lar- 
ge , 

In  certain  cases,  usually  at  sufficiently  large  an¬ 
gles  of  inclination  of  layers  or  at  very  sharp  differences  in 
the  velocities  in  the  covering  Medium  and  in  the  refracting 
layer,  the  seismogram  displays  not  only  the  waves  that  charac¬ 
terise  the  positive  apparent  velocities,  but  sometimes  also 
waves  with  negative  apparent  velocities. 

On  the  Location  of  the  Zones  of  Interferepng-^ad 
Interchanges «,  In  the  case  of  inclined  separation  boundaries 
—  consolidated  or  not  consolidated  —  the  interchanges  of  Is 
same  waves »  unlike  the  case  of  the  horisontally-stratif xsd  me" 
dia,  are  located  at  different  distances  from  the  different  ex¬ 
plosion  points,  and  unlike  the  vertically-stratified  medium, 
they  are' located  at  different  stations  of  the  profile,  _  This 
makes  it  difficult  to  disclose  and  identify  wave  interchanges 


the  recording 


ained  at  different  points  of  explosion 


compared  with  the  cases  of  horizontally-stratified  or  verti¬ 
cally  «s  tra ti fled  media.  ... 

Identification  of  Waves.  The  identification  eu  wa¬ 
ves  by  their  dynamic  features  is  sometimes  difficult,  for  con¬ 
siderable  angles  of  inclination,  5°,  or  at  smaller  angles 
of  inclination  but  in  the  presence  of  angular  discrepancies 
between  the  layers,  the  character  of  the  recording  may  change 
substantially  upon  changing  orientation  of  the  profile  or  upon 


J¥7 


changing  position  of  the  point  of  explosion.  In  particular t 
when  the  profile  Is  located  along  the  dropping  refracting 
boundary/ a  strong  attenuation  of  the  refracted  wave  with  in¬ 
creasing  distance  from  the  point  of  explosion  is  possible, 
whereas  when  the  profile  is  loos. ted  along  the  rise  In  the 
refracting  boundary,  the  attenuation  of  the  oscillations  is 
weaker  with  distance:  in  some  cases,  the  amplitude  of  the  re¬ 
gistered  wave  may  increase  with  distance.  In  this  connection, 
difficulties  arise  in  identification  of  the  waves  registered 
at  different  points  of  explosion  directly  by  the  dynamic  fea¬ 
tures  of  the  recordings.  Therefore ,  in  the  case  of 
with  inclined  separation  boundaries,  a  thorough  correlation 
of  the  waves  by  means  of  mutual  points  is  of  particularly 

great  significance.  ,  .  _ 

Disclosure  of  Angular  33iscrepancl^g_llL^g^S52£fir 
la i ion  of  Seismograms.  Obtained  ln,^DMi^ . 
s^TOtionT"  In  the  correlation  of  seismograms  the  angular  dis¬ 
crepancies  can  be  displayed  much  more  brightly  on  the  record¬ 
ings  obtained  with,  transverse  profiles  than  on  recor oings  ob¬ 
tained  with  longitudinal  profiles.  In  the  case  of  longitudi¬ 
nal  profiles*  the  angular  discrepancies,  particularly  at 
small  angles  of  inclinations,  may  be  displayed  frequently  on¬ 
ly  as  a  result  of  a  quantitative  Interpretation,  whereas  in 
the  case  of  transverse  profiles  the  presence  of ^angular  dis¬ 
crepancies  can  practically  always  be  disclosed  directly  on 
the  seismograms.  The  divergent  in-phase  axes  of  refracted 
waves,  corresponding  to  different  separation  boundaries,  or 
differences  in  the  time  interval  At  between  these  waves  at 
identical  distances  from  the  point  of  explosion,  are  both  re¬ 
liable  indicators  of  the  existence  of  angular  discrepancies 
even  at  small  angles  between  the  refracting  separation  boun¬ 
daries,  on  the  order  of  2-3  degrees  (Fig.  44,  waves  t2  and 
frg).  The  kinematic  features  of  angular  discrepancies  are 
frequently  accompanied  by  clearly  pronounced  dynamic  features, 
particularly  in  substantial  differences  in  the  variations  of 
the  amplitude  of  different  waves  along  the  lines  of  tne  trans¬ 
verse  profile. 


9.  On  the  Correlation  of  Waves  in  the  Case  of  Tepering  Layers 


In  the  case  of  tapering  layers  the  records  of  re¬ 
fracted  waves  have  dynamic  and  kinematic  singularities  which 
are  described  in  detail  in  reference  /35/. 

These  singularities  are  different  depending  on  whe¬ 
ther*  the  point  of  explosion  is  located  above  the  tapering  layer 
or  in  that  region  where  there  is  no  such  layer:  we  shall  there¬ 
fore  consider  them  separately. 


p 


ExpX.oj.1os-  Located  Above  the  ihysru  Toe  principal  „ 
ties  of  “these  recordings  are  as  follows : 

1)  In  the  section  where  the  thickness  of  the  refracting 
layer  decreases,  the  refracted  waves  corresponding^  to  that 
layer  is  sharply  attenuated  with  distance  5.  Fig.  55b  t  wave 
t 4). 

*  2}  On  seismograms  there  is  registered  a  wave  which  is  for* 

EiPd  as  a  result 'of  diffraction  of  the  wave  propagating  in  the 
refracting  layer  from  the  edge  of  this  layer  (Pig,  66,  tra- 
leetorles'OABC,  OABD,  etc. ).  We  denote  these  waves  by  ?121  < 
where  the  prime,  as  in  Section  ?,  denotes  the  portion  of  the 


•oath  in  which  the  wave  is  diffracted. 


3)  In  certain  cases,  wave* 


complex  type  are  registered, 


These  waves,  in  the  last  part  of  the  path,  represent  refrac¬ 
ted  waves,  corresponding  to  one  of  the  separation  Doundariee 
in  that  part  of  the  medium  where  the  tapering  xay er  is  alrea¬ 
dy  missing,  The  waves  under  consideration,  are  formed  in  the 
following  maimer:  the  r efrac ted- dif f rae ted  wave  ?x2X  *  ^fhioh. 
falls  at  the  limiting  angle  ±13  (Fig.  66,  trajectory  OAnK;  on 
the  boundary  of  layer  3,  causes  in  medium  1  a  xront  ox  refrac¬ 
ted  wave,  propagating  along  the  trajectories  X»M,  fti,  ate. 
Consequently,  the  production  of  these  diffracted-refractea 
waves  la  connected  with  refracting  at  the  limiting  angle  no  t 
by  one  refracting  boundary,  as  in  the  case  of  ordinary  re¬ 
fracted  waves,  but  by  two  refracting  boundaries. 

We  denote  these  waves  by  ?i21,31‘  interchange 

of  the  refracted  waves  Pj  pj  ,  by  the  refracted-dlifrac  ».ea  wa¬ 
ves  P-? 2‘  ,  is  for  the  most  part  seen  clearly  on  the  seismo¬ 
grams  (Pig.  6?a).  In  correlation,  in  order  to  determine  the 
place  where  the  interchange  takes  place,  one  can  usually  u»e 
the  following  four  criteria  for  recognition  of  wave  inter¬ 
changes  : 

1}  the  diffracted  waves  Pi  21 2  differ  from  the  refracted 
waves  Pi  01  in  the  shape  of  tne  recording ;  the  predominating 
lf!T0OU01j-C-jr  of  tjh.8  Pij  p*j  ?  WcllTOB  is  S0IS6tiiS16S  C 021S i d SX1 £ld  x  jr  luvfsr 
than  that  of  the  Ppgx  wave; 

2)  the  diffracted  waves  have  a  lower  'amplitude  than,  refrac¬ 
ted  ones,  and  in  some  cases  in  going  over  from  the  refracted 
wave  to  the  diffracted  wave  one  observes  a  jump-like  reauc¬ 
tion  in  Hie  amplitude; 

3)  the  diffracted  waves  are  more  strongly  attenuated  with 
distance  than  the  refracted  ones,  and  furthermore  os»xng  to  the 
sharp  attenuation  it  is  possible  to  trace  them  only  over  shor  * 
profile  intervals; 


4)  the  diffracted  waves  are  characterized  by  a  curvilinear 
in-phase  axis:  the  hodographs  constructed  on  their  bases  have 
a  hyperbolic  form. 

The  replacement  of  diffracted  waves  of  type  P-,  gn  t  by 
complex  waves  of" type  PiPl‘31  is  frequently  not  accompanied 
by  noticeable  changes  in  the  form  of  the  recording,  and  may 
be  exhibited  principally  by  the  kinematic  feature  —  by  the 
rapid  change  in  the  apparent  velocity;  a  hodograph  plotted  on 
the  basis  of  such  recordings  has  an  angle  point  in  the  region 
•of  the  wave  interchange  (Fig.  66).  ' 

On  seismograms  obtained  in  the  case  of  overtaking 
systems,  the  region  of  sharp  attenuation  with  distance  of  the 
refracted  wave  Pqpq  is  fixed  on  one  and  the  same  interval  of 
the  profile.  The  changes  in  the  dynamic  singularities  of  the 
recording  when  the  refracted  wave  P^p-i  is  replaced  by  the  dif¬ 
fracted  wave  Px2i »  Is  fixed  on  one  and  the  same  station  of  the 
profile.  The  changes  in  the  apparent  velocities,  connected 
with  the  replacement  of  the  wave  by  the  wave  Pqpl'hl’ 

also  occur  at  one  and  the  same  station.  The  overtaking  no  do- 
graphs  of  all  the  registered  waves  are  parallel. 


Fig,  66,  Diagram  of  the  course  of  seismic  rays  and 
theoretical  hodographs  for  the  case  of  a 
tapering  layer. 


Singularities  of  Records  Obtained  with  the  Sxolo- 
slon  Point  Located  in  the  Region  ffliere  There  is  no  Layer.  In 
this  case,  as  shown  in  reference  /3$/,  waves  of  complex  type 
may  also  occur;  in  particular,  in  some  cases  there  are  regis¬ 
tered  on  the  seismograms  .waves  which  are  formed  in  the  follcrw- 
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n?nr,n-r  the  ref  ected  wove  P-j  ^  (Fig.  66,  «r;?lertorg 
4  nr'on  Ptrl. '•ring  the  edge  of  the'  t^rjering  1av«r,  orridu- 
•1  1  -p'gf'C.  a  -  --j  r.j  -'.I  *  T.rh  ‘1  p 'i  t  T\  tdll.0  1,  c.l  A  A'  O'  \  'r'OP 

Ad).  hd.e  vr-.'/e  carries  with  it  n  refracted  weve  in  the 

rini':’  ’pedl ( tre.  .leetorv  AO }  •  We  denote  -'t-hie  Keve  by 

5']  t  tajo  r nr^efj ranee  of  the  oowoler  v’eve  .  i-g  -.3  p  * r  pt'e-  , 
«!-  t; e?  wave  p-j  'si  l.-c  pocst 5”es  clearly  aeea  011  tee  record 
t  obe  -rove  P-i" ;--,i  o  ? -  is  chr recteri^od  by  a  cortoj  derob?.y 
■’  •'-: y>  p "ivjjj  *'  tude.  "*a  d  i fferect  font;  of  record! "'ir ,  cod  a  ai“  ■■ 
n  t  at  t)?’  rent  velocity .  ther  the  wove  fin  A  die,  oV  .?• } . 

th  p  r>peg  Q-f'  overtaking  systere,  the  xT3T-ercA?.T!"e 

-  j  p  c  *  y>  p  p  g  hh  ^  ppTiio  c-  g  p  a  1  Oil,  P  >’  0  t  '■  C  OVSI1" 

o"  ho doers ohs  are  parallel  (Pig,  66), 

Prom  the  kineu»s tic  oolrt  of  vi ev?  waves  of  differed 

<s  pj>p  also  nos?>i  hi  e .  "but  urtil  now  they  have  not.  been  00 

ed.  In  oarticular ,  in  the  position  of-  the  point  of  er~ 
for-  as  considered  above,  all  waves  with  hyperbolic  in- 
p  eves,  connected  with  the  diffraction  of  the  refracted 
oTOt-  the  odes  of  the  lever*  have  be en  o oserved t  v»non 


the  point  of  explosion  is  located  over  a  tapering  layer,  the¬ 
se  waves  are  clearly  seen  on  the  records. 

On  the  Possibility  of  Separating  on  the  Recordings 
the  Diffracted’ Waves  of  Type  P£21 5  :  Px21* 31 »  and  Pi 312 }  1  * 
These  waves,  the  occurrence  of  which  is  connected  with  dif¬ 
fraction  phenomena,  have  low  intensity  compared  with  ordina¬ 
ry  refracted  waves »  In  those  cases,  when,  these  waves  are  re¬ 
gistered  as  first  waves,  experience  has  shown  that  they  can 
be  relatively  s imply  separated  on  the  recordings*  This  is 
‘possible  in  particular  if  the  tapering  layer  has  an  increased 
velocity  compared  with  the  superior  and  inferior  layers.  If 
according  to" seismogeologieal  conditions  the  waves  P12I ? , 
5121*31, 'and  Pvqo'i  should  be  registered  in  the  region  of 
succeeding  arrivals,  then  in  most  cases  they  cannot  be^  se¬ 
parated  on  the  recordings  against  the  background  of  other 
more  intense  waves , 


On  the  Correlation  of  Waves  In  the  Case  of  a  Fault 


Recordings  of  refracted  waves  in  the  presence  of 
faults  are  distinguished  for  very  pronounced  dynamic  pecu¬ 
liarities*  some  of  these  are  analogous  to  the  peculiarities 
observed  in  the  case  of  tapering  layers.  The  character  of 
the  recording  in  the  case  of  crossing  of  the  fault  line  is 
quite  different,  depending  on  whether  the  point  of  explosion 
is  located  along  the  ascending  or  descending  portion  of  the 
faults  we  shall  therefore  consider  them  separately. 

In  the  analysis  it  is  assumed  that  the  profile  line 
(longitudinal  or  transverse)  is  located  approximately  across 
the  direction  of  extent  of  the  fault  line  (Chapter  III,  Sec¬ 
tion  5). 

Singularities  of  Recordings  Produced . with .  the_,.Ex“ 


crossed,  the  seismograms  display  clear  wave  interchanges  with 
char ply  pronounced  changes  in  the  form  and  intensity  of  the 
recording  and  sharp  Jumps  in  the  times  of  arrival  and  varia¬ 
tions  of  apparent  velocities.  In  these  cases,  the  interchan¬ 
ge  of  waves  can  usually  be  readily  separated  on  the  recordings 
since  combinations  of . several  criteria  exist  for  the  detec¬ 
tion  of  the  interchange. 

At  this  position  of  the  point  of  explosion,  it  is 
usually  possible  to  separate  on  the  recordings  three  princi¬ 
pal  waves :  1)  a  refracted  wave  Pto-j  ,  corresponding  to  the 
raised  wing  (trajectories  up  to  GOBS,  OCAI,  Fig.  oe>»  a,  b) ; 

2)  e  refracted-diffracted  wave  ?i2l?  which  is  formed  as  a 
result  of  the  diffraction  of  the  wave  gliding  along  the  raised 


m 

’portion  of  the  refracted  boundary  from  the  line  of  fault 
(trajectories  GOAF*  OGAIC,  etc,}?  3)  a  refracted  wave  ~“» 
corresponding;  to  the  dropped  branch,. 

The  production  of  the  refracted  wave  Pflr  corres¬ 
ponding  to  the  dropped  branch  is  apparently  connected  with 
diffraction  phenomena.  Different  schemes  of  production  of 
these  waves  are  possible.  The  most  probable  scheme  may  be 
described  bv  the  trajectory  0HBM3J  (Fig,  68a,  b) .  in  fciIiS 
case,  diffraction  takes  place  of  the  passing  refracted  wave 
•(trajectory  HB)  from  the  edge  B  of  the  dropped  branch,  -‘•he* 
wave  'Pat ,  corresponding  to  the  dropped  wing,  must  be  denoted, 
in  this 'case  by  P-.  09  *1'  the  bar  over  the  number  2  denotes 
that  the  wave  propagates  along  the  dropped  portion  of^  the  re- 
fra c ting  boundary ,  whereas  in  general  the  velocities  iTj>»  ano 

V?  may  be  different,  .  „ 

.toother  possible  scheme  of  production  of  the  wave 

pdr  can  be  described  by  the  trajectory  OCABOf  (Fig*  obc,a;. 

In  this  case,  the  wave  diffracted  from  the  edge  a  xails  on 
the  dropped  branch  of  the  separation  boundary  at  a  definite 
angle  and  gives  rise  to  the  refracted  wave  Pi21'21- 

Other  schemes  of  production  of  the  wave  far*  cor¬ 
responding  to  the  dropped  wing,  are  also  possible. 

‘  The  dynamic  singularities  of  the  refracted  wave 
P,\T  corresponding  to  the  dropped  branch,  may  sometimes  differ 
substantially  from  the  dynamic  singularities  of  the  wave  x\21* 
corresponding  to  the  raised  branch.  This  may  be  due  ^  to  enan- 
ges  in ’the  lithological  composition  of  the  rocks,  and  also  to 
the  different  degree  of  their  destruction. 

In  overtaken  systems,  the  foregoing  kinematic  ana 
dynamic  singularities  of  the  recordings  are  observed  on  the 
sitse  stations  (Figs.  69b,  c).  The  overtaking  ho  do  graphs  of 
waves  are  in  this  case  practically  parallel. 

On  transverse  profiles,  when  the  point  of  explosion 
is  located  over  the  raised  branch,  one  observes  the  same  sin¬ 
gularities  In  the  recordings ,  as  in  longitudinal  profiles 


gularities  in  the  recordings,  &s  in  longxtuamai.  pruixieo 

Tpjf*  70). 

Singularities  of  the  Recordings . 

Point  _gf_. Bxplo si otTUo cat e d”0ve r  the .  .Dr5P,pej_B£ancn ,  _  In  this 
case ,  two  principal  waves  are  separated  on  the  record! ngsi 

1}  the  refracted  wave  Pyj?!  *  corresponding  to  the  dropped 
wing ,  and , 

2)  the  refracted  wave  Pris,  corresponding  to  the  rising  wing; 

The  wave  diffracted  from  the  line  of  the  fault,  as 
shown  bv  experience,  cannot  be  separated  in  this  case  on  the 
recordings/  The  jump  in  the  times  of  arrival  of  the  refracted 
waves,  corresponding  to  the  raised  and  the  dropped  wing,  which 
4s  clearly  observed  when  the  point  of  explosion  is  locate.,. 
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Pi;?,  69*  Seismograms  obtained  on  a  longitudinal  profile 
when  the  fault  line  is  crossed,  af  b,  c  --  seismograms  ob¬ 
tained  at  the  point  of  explosion  located  over  the  raised 
branch:  a,  b  seismograms  obtained  on  two  neighboring  sta- 
•  *  ons :  c  —  seismograms  obtained  in  the  overtaking  system  of 
serve t ions ;  cl,  e  ■ —  seismograms  obtained  in  the  opposite, 
system  of  observations  (nolnt  of  explosion  over  the  dropped 
■'  "  branch). 


ilBiiilli  ii  iiiiiii;!  i!i= . 


Pig.  69.  (continuation  of  seismograms  pertaining  to  Figu¬ 
re  69  5  , 


over  the  raised  branch,  Is  In  this  case  either  small  or 
missing  (Fig.  68b,  d.  and  69d,  e).  The  interchange  of  the 
refracted  waves,  corresponding  to  the  raised  and  the  drop¬ 
ped  branches,  is  usually  clearly  separated  on  the  recordings 
from  the  change  in  the  dynamic  singularities  of  the  waves 
and  from  the  sharp  change  in  the  apparent  velocity.  The  pro¬ 
duction  of  refracted  waves  Pris»  corresponding  to  the  raised 
branch,  is  apparently  connected  in  this  case  with  the  diffrac 
tion  phenomena ,  the  same  as  the  production  of  waves  corres¬ 
ponding  to  the  dropped  branch  whenever  the  point  of  explo¬ 
sion  is  located  over  the  raised  branch. 

In  the  case  of  a  point  of  explosion  which  is 


comparatively  far  from  the  line  of  lanlt ,  different  scxieae 
of  oroduotion  of  the  waves  Pris  are  possible,  for  example, 

the*  trajectory  MBHO  (wave  Pl22*l»  S°!h  fd- 

p  68c).  In  the  case  ox  diffraction  j.rom  «he  ea 

g|2|  T trajectory  MBH)  the  wave  Pi 22*1,  corresponding  to  the 
raised  wing,  represents  not  a  fronts!  refracted  hat 

transmitted  refracted  wave,  produced  as  a  a esul «  r; 

fraction  of  the  wave  which  is  diffracted  from  the  edg-  -o  on 

the  separation  boundary.  n+  th*P 

Hear  the  fault  line,  the  apparent  velocity  of  the 

wave  may  be  close  to  infinite  (Pig.  68a »  h)  owing  to  the  re¬ 
fraction  on  the  raised  portion  of  the  refracting  boundary,  and 
in  some  cases  owing  to  refraction  on  the  plane  of  the  *ault. 

At  a  no  Ant  of  explosion  P  closer  to  the  lin«  of 
fault  (Pig.  68a)*  the  diffracted  wave,  propagating  along  ohe 
raised  'portion  of  the  refracting  boundary*  can  be  P^duced 
when  a  straight  wave  is  incident  on  the  edge  A 
darv.  The  total  trajectory  of  the  rays  Is  designated  1-  u}}" 
alii  on  Fig,  68a  by  the  letters  FAST,  FACO;  in  this  case,  the 

wave  e  is  a  wave  of  the  type  Pis'l*  _»  * 

In  the  case  of  propagation  of  the  waves^ iris  * 
accordance  with, the  scheme  shown  in  Fig.  68c,  d,  tne  overta¬ 
ken  ho  do  graphs  of  the  wave  *1212' l  and  p12'l  arQ  l' 

rail  el.  ^  propagation  of  the  waves  ?ris  along  the  tra¬ 

jectories  shown  in  Fig.  68a  and  b,  the  apparent  velocities  of 
the  waves  P~3s,  registered  in  the  overtaking  systems,  are  prac 
tically  the  same,  if  the  two  points  of  explosions  are  loo  ■ 
at  a  relatively  long  distance  from  the  fault  line,  at  whion 

the  waves  Pn2p‘l  can  be  formed*  of  thf  f?1?  w*f  occurs 

plosion  is  located,  close  to  the  fault  line  and  II  there  occur. 

In  this  ooint  during  the  explosions  a  wave  Pi2*l*  then  tne 

apparen t^velocity  of  the  wa?a  ?12*1  differs  from  the  apparent 

velocity  of  the  wave  Pig2*l.  registered  with  the  overtaking 

system.  In  this  connection,  the  overtaking  ^dogiaphe,  whiri 

are  constructed  on  the  basis  of  these  waves,  are  also 

rail  el.  Only  at  a  large  distance  from,  the  line  of  fault  is 

there  established  a  practical  parallel  orientation  of  the  o- 
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talned  in  PifFerent  5ystgaa-^.-Maflmilfla-  The  P®  „ 
fault  can  bi  established  reliably  in  that  case, 
plosion  point  is  located  over  its  raised  wing.  Ih< 
ties  of  the  recordings,  obtained  when  the  point 
located  over  its  raised  wing.  The  singularities  of  th-  J@cor 
lags  obtained  when  the  point  of  explosion  is  looted  ovex  -“@ 
dropped  wing,  in  particular  tne  absence  o±,  a  jump  in  the  t 
of  arrival  of  the  refracted  waves,  corresponding  to  the  two 
wings  of  the  fault,  make  it  difficult  to  detect  faults  wltn# 


» 

•the  foregoing  placement  of  the  points  of  explosion,  Jn 
these  cases 9  in  the  case  of  longitudinal  profiling,  if  unere 
are  no  opposite  systems,  and  particularly  in  transverse  pro¬ 
filing,  when  the  shooting  is  carried  out  with  one  explosion 
point,  the  fact  of  the  existence  of  the  xatu  b  may  go  undisco¬ 
vered.  On  longitudinal  profiles  a  certain  indication  ox  toe 
existence  of  ©/fault  may  be  the  frequently  observed  non-paral¬ 
lel  overtaking  holographs.  However,  this  criterion  is  -nsul- 
ficient  because  non-parallel  overtaking  holographs  may  be  due 
also  to  other  causes,  particularly  to  the  production  of  w*e& 

X(l  Ulld''itymultmalso  be  noted  that  in  the  fault  zone  in  any 
nlacement  of  the  point  of  explosion,  one  sometime  observed  ra- 
rAAlY  alternating  waves,  which  can  be  traced  over  shore  inuex • 
vals  of  the  profile.  These  waves  may  be  connected  wxtn  re¬ 
flection  or  refraction  of  different  waves  on  toe  fault  sur*a 
ce  and  serve  as  an  indirect  identification  ox  the  axis 
of  a  "disturbed  zone.  However,  for  &  reliable  ^sclosure  ana 
tracing  of  a  fault  it  is  necessary  to  have  opposite  and  over 
taking  systems  or,  at  least,  single  systems  under  to-  -x 
tion  "that  the  point  of  explosion  is  located  over  tne  raised 

wing  of  the  fault,. 

11  Technique  of  Correlation  of  Refracted  Waves 


1  Refracted  waves  corresponding  to  different  sepa¬ 
ration  boundaries  must  be  marked  on  the  records  with  dineren^ 
colors.  The  phase  which  is  being  traced  mu&t  be  noted  by  shot 
dashes  (see  Fig.  41).  In  the  correlation  xt  is  to 

draw  on  the  seismograms  a  single  solid  line,  as  is  fre^.etoly 
done  in  the  method  of  reflected  waves,  for  xn  this  c^se  it  is 
impossible  to  examine  on  the  recordings  all  the  detail  ox  the 
form,  which  should  be  used  in  the  correlation,  , 

In  the  presence  of  a  discontinuity'  in  toe  coriBxs. 
ft without  an  interchange  in  waves  (for  example,  due  to 
Xe  SuSLe  corJitioas! ,  it.  1.  nectary  to  note 
discontinuities ,  but  it  is  not  necessary  to  change  tne  color 
in  tracing  the  wavs. 

2,  If  it  becomes  necessary  in  tracing  the  wave  to 
sto  over  to  a  different  phase,  which  can  happen,  in  particular, 
in  the  case  of  strong  attenuation  of  the  oscillations,  cheni. 
is  necessary  to  trace  on  the  common  section  o* --to  px  f xie  to 
phases  (fig.  42)  and  this  section  should  be  sufficiency  x.onoJ 
in  sp  to  be  assured  of  the  fact  that,  the  hodograp.-s  of  » 
rshases  of  one  and  the  same  wave  are  parallel.  Buierei,  pbas- 
of  +he  same  wave  must  be  marked  with  tne  same  color. 


3,  Waves  which  have  been  traced  at  different  points 
of  explosion  and  corresponding  to  the  same  separation  bounda¬ 
ries,  should  be  noted  on  the  recordings  with  the  same  color. 

4,  In.  the  correlation,  It  is  necessary  to  introdu¬ 
ce  the  following  symbols s 

a)  to  note  an  interchange  of  one  wave  by  another  (Pig.  44}? 

b}  to  note  a  discontinuity  in  the  correlation  of  the  waves 
without  the  wave  interchange- (Pig.  49)? 

c)  to  separate  the  zones  of  sham  variation  (attenuation  or 
increase)  in  the  amplitude  (Fig.  46). 

5,  In  the  interference  zones,  in  the  absence  of 
dominating  waves,  the  phase  of  the  traced  complex  interferen¬ 
ce  wave  must  be  noted  with  a  fixed  color,  different  from  those 
colors  which  are  used  to  denote  each  of  the  Interfering  waves 
in  the  region,  where  they  are  separately  traced. 

In.  the  presence  of  dominating  waves,  which  can  be 
traced  through  the  zone  of  interference,  without  a  discontinui¬ 
ty  in  the  correlation,  the  phases  of  these  waves  must  be  noted 
with  the  same  color  as  is  used  outside  the  interference  zones. 
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iwmmgwnM  of  m  iomo-iotsiial  kodoqbahis  op  bbrucebd  waves 


1.  General  Information 

Observations  of  refracted  waves  along  longitudinal  profiles  and 
interpretation  of  fec&ogmph a  by  these  profiles  ta&ke  it  possible  to  ob¬ 
tain,  as  e  ru I®,  the  most  reliable,  quantitative  information,  which 
are  assessable  to  the  method  of  refractions  (GMBH),  regarding  the  section 
in  a  given  region,  namely:  determine  the  depth  and  form  of  the  refract¬ 
ing  boundaries  and.  find  the  velocities  of  propagation  of  seismic  waves 
in  the  refracting  layers* 

The  purpose  of  a  quantitative  interpretation  of  long¬ 

itudinal  hodographs  of  refracted  waves  is  the  construction  of  seismie 
sections*  On  these  sections,  m  in  the  method,  of  reflected  mves,  one 
draws  the  seismic  boundaries,  but  in  addition  to- this  data. are  also 
given,  obtained  by  the  method  of  refraction,  on  the  velocities  of  the 
refracting  layers*  Information  on  the  velocities  in  the  layers 
yields  a  physical  desctiption  of  the  rocks  and  helps  in  geo3.ogl.cal 
interpretation  of  seissd.c  observations. 

Observations  on  Imgiiudina!  profiles  and  the  results  of  their 
Interpretation  —  sections  based  on  these  profiles  —  usually  serve  in 
the  CMH¥  as  a  basis  for  other  systems  of  observations  for  non-longi¬ 
tudinal  (transverse  etc*}  profiles,  for  network®  of  profiles  with  a 
single  explosion  mint,  etc. 

Initial  data*  She' initial  data  for  the  construction  of  sections 
on  longitudinal  profiles  are  as  follows:  l)  the  observed  holographs  of 
the  phases  sM  sometimes  the  entrances  and  phases  of  refracted  waves 
(usually  frontal  refracted  waves);  2}  data  on  the  strata  or  mean  velo¬ 
cities  in  the  covering  layers:  3)  additional  information,  necessary  to 
calculate  the  depth  of  the  explosion,  the  zones  of  small  velocities 
(the  weathering  zones ),  and  the  topography* 

Basle  premises*  la  the  interpretation  of  longitudinal  kd&o- 
graphs  of  refracted  waves  it  is  usually  assumed  that  the  prospected 
medium  1®  isotropic,  'but  generally  inhoisogeaeous  and  the  problem  can 
be  considered  as  a  plane  problem,  i.e.,  all  the  rays  used  for  the  con¬ 
struction  lie  in  one  and  the  same  plane,  to  which  the  section  belongs; 
this  plane  is  the  norm  with  respect  to  the  boundary  of  the  separation 
of  the  "plane  of  rays." 

The  layer®  of  sedimentation  and  metsaaorghic  rocks  usually  have 
more  or  less  clearly  pronounced  stratified  structure,  which  appears  in 
the  spatial  distribution  of  the  velocities  of  propagation  of  the  elastic 
waves.  At  an  approximately  horizontal  stratification,  the  velocities 
Change  with  depth  usually  not  saonotoaically,  but  alternately  increase 
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and  decrease j  the  general  Increase  in  the  -velocities  with  depth  is 
ly  observed  only  on  the  average  0}£l .  Si  this  connection,  the  following 
assumption  is  made  regarding  the  velocity  structure  of  the  medium,  and 
this  i s  indeed  used,  in  the  interpretation  of  hodo graphs  of  the  refracted 

It  is  assumed.  that  the  medium  consists  of  regions  a*,  two 
kinds,  more  or  less  thick  layers,  characterized  by  layer  velocities  V 
of  layers  which  may  be  relatively  thin,  with  increased  boundary 
velocities  VI,  and  the  existence  of  the  latter  is  taken  to  be  the 
cause  of  the  existence  of  frontal  refracted  waves,  to  which  the  observed 

holographs  correspond.  ,  .  _  .  .  ^ 

©2i@  layer  velocities  V,  in  tbs  case  of  an  approximately  horiso 
tally-stratified  distribution  of  the  velocities  in  the  medium,  are  the 
true  velocities  of  propagation  of  seismic  waves  along  the  vertical, 
averaged  over  the  depth*  The  law  of  variation  of  the  _  layer  of  velocities 
with  depth,  V  »  ¥  (a ),  is  usually  represented  either  in  the  form  of  or 
a  piec ©wise  «*c onetant  function  (graphically  in  the  form  of  a  staircase 
line)  or  else  in  the  form  of  a  continuous  function  (smooth  curve,  in 
the  particular  cnee  of  a  linear  law  —  &  straight  line ) « 

Baa  values  of  the  layer  velocities  V  are  assumed  to  be  independent 
of  the  values  of  the  boundary  velocities  V^,  inasmuch  as  the  latter  may 
characterise  such  thin  layers,  that  their  role  in  the  averaging  process 
used  to  determine  ¥  may  be  vanishingly  ©mall.  The  boundary  velocities 
are  always  greater  than  the  velocities  in  the  covering  rocks,  and  may 
be  greater  or  at  least  equal  to  the  velocities  in  the  uM.eri.ying  layers. 
Only  in  the  latter  case  do  the  bodographs  of  the  frontal  refracted  waves 
permit  a  direct  deterrf&nation  of  the  layer  velocity  (which  in  this  case 
is  equal  to  the  boundary  velocity),  la  general,  however,  they  do  not 
give  a  direct  idea  of  the  layer  velocities. 

The  process  of  propagation  of  velocity  of  waves  in  such  a  me¬ 
dium,  which  includes  thin  layers  with  increased  velocities  is  re¬ 
presented  in  the  following  form.  In  the  medium  as  a  whole,  the  waves 
propagate  with  layer  velocities  V  approximately  the  same  my  as  if 
there  were  no  thin  layers  with  velocities  V^.  But  upon  meeting  with 
a  thin  layer  of  increased  velocity  &  straight  wave  incident  at  a. 
critical  angle  i  (sin  i  -  V/V,)  gives  rise  to  a  wave  which  glides  along 
this  layer  with  a  velocity  Vb«  In  turn,  the  gliding  mve  prMuces  in 
the  surrounding  medium  frontal  refracted  waves,  the  front®  or  which 
are  displaced  in  space  again  with  thelayer  velocities  V* 

ffeking  this  assumption,  it  is  possible  to  interpret  the  hodo- 
graphs  of  the  refracted  waves,  corresponding  to  any  particular  defined 
boundary,  in  a  certain  sense,  independently  of  the  hodo  graphs  corres¬ 
ponding  to  other  separation  boundaries  in  the  covering  layer.  In  the 
interpretation  of  the  aggregate  of  hodo  graphs  for  each  given  boundary, 
we  shall  speak  of  a  boundary  velocity  which  characterises  only  that 
oartieular  boundary.  On  the  other  hand,  the  entire  covering  medium 
will  be  characterized  by  a  law  of  distribution  in  it  of  only  layer 
velocities,  independent  of  whether  there  exists  in  it  other  thin  layers 
with  boundary  velocities  or  not. 
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Mtk  respect  to  the  velocities  in  the  covering  medium,  tbs  fol¬ 
lowing  particular  assumptions  can  be  made*  „  „ 

"  a)  V  ~  const  —  assumption  of  a  constant  average  velocity.  She 

avera#®  velocity  is  calculated  along  the  vertical  from  the  surface  of 
the  soil  to  the  given  depth.  In  this  case  the  velocity  V  in  the  ^ti^e 
aedivaa,  covering  the  considered  boundary,  is  assumed  uo  oe 
eqpal  to  the  average  velocity  V,  which  is  determined  to  ace rt&rn  *  > 

at  which  this  boundary  is  located.  Such  an  approbate  fssmptiondo 
not  result  in  great  errors,  provided  the  depth  E  of  the 
•  the  corresponding  velue  of  the  velocity  V  change  little  a^o^g  x 

vestic&ted  tsortioa  of  the  profile,  ,  ,  «  « 

h)  For  different  boundaries  It*  one  assumes  different  values  -  i 

in  accordance  with  their javerege  depths  %  (i  1,  2> 

y  *  y  (a)  or  V  »  ¥  (x)  assumption  of  a  var j^>ie 
velocity,  it  being  assumed  furthermore  that  the  velocity  ¥  depends  on 
S  ^i  «  or  ob  the  diS«m=e  along  the  profile  *.  J«  ^ £ 
assumed  arbitrarily  that  the  seismic  rays,  in  spite  oi  tb*  inhomogene  *y 
of  the  medium,  remains  straight  (the  method  of  Average  velocities 
Such  an  approximate  assumption  does  not  lead  to  great..rio 
the  rays  do  not  make  excessive  angles  with  the  axis,  along jbe 
velocity  is  measured.  Most  frequently  the  assumption  of  the  vsxiabl 
velocity  is  tised  in  the  version  V  »  V  (s)*  vrhicn  usually  . , 

stin^ors,  if  the  angles  of  inclination  of  the 

c)  ¥,  «  const  —  assumption  of  constancy  of  the  xafer  velocity 
in  each  of  tie  layers  k  (k  -  1,  2,  3,  *••)•  Jers  aecoun-  xs  taten  o 
the  refraction  of  the  rays  on  the  boundaries  between  the  xa  * 

The  boundaries  between  layers  are  sometimes  spumed  to  oe  e 
fracting  boundaries  in  the  covering  medium,  determined  f^om  other  boon- 
graphs  of  refracted  mws  by  means  of  constructions ,  ^analogous  to  those 
with  which  the  position  of  the  sought  boundary  is  deterau^ed.  ae 
boundary  velocities  corresponding  to  these  intermediate  b^nda^ 

(more  accurately,  thin  layers)  can  be  either  equal  to  or  grea^  ch 

the  layer  velocities  in  the  underlying  layers  j 

&}  v  *  V  (a)  —  layer  velocity  depends  on  the  depth,  .me  raye 

are  assumed  to  be  curved  and  the  constructions  are  made  in  full  c^®®' 
psndence  with  the  laws  of  geometric  seisaica.  For  thia  purpose  ta 
Lie  of  previously  constructed  ray  diagrams,  the  same  as  ia  the  i-e-hod 

The  choice  of  any  of  the  foregoing  assumptions  is  Aactatsd  es 
seatially  by  the  following  circumstances:  the  character  of  toe  &e^s®D» 
^SSl  Lticn  ia  the  regloa  to.  tte  ®rk  Is  perteMd 

LliStioa  of  tte  tayerr,  etc.)  the  decree  of  «“*” s^‘ ^ 

ity  of  the  initial  data,  the  retirements  regarding  the  oS  the 

results  of  the  constructions,  and  also  the  time  and  forces  av^la-^ 
for  the  interpretation .  In  the  case  of  tentative  in-er ° 
usually  uses  the  simpler  assumptions,  whereas  in  sxnal  j-n^pret  - 
more  complicated  assumptions  are  used,  which  take  into  account  ih 
real,  conditions  with,  .greater  approximation. » 
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Principal  methods  of  lateyprefc&tion*  In  working  with  CMHV?  the 
principal  methods  of  interpretation  of  longitudinal  nodo graphs,  are  the 
following:  a)  the  exact  method  of  time  fields  for  the  construction  of 
boundaries  and  determination  of  boundary  velocities  sad  b)  approximate 
method;  difference  holograph  for  the  determination,  of  boundary  veloc¬ 
ities  ,  sad  the  tQ  method  (the  variant  of  themethod  of  "arithmetic 
means”)  for  the  construction  of  the  boundaries  themselves. 

She  method  of  time  fields  makes  it  possible  to  carry  out  exact 
constructions,  within  the  capabilities  of  geometric  seismies ,  of  the 
refracting  boundaries  of  any  form  (in  particular,  with  faults  etc.), 
and  to  determine  the  boundary  velocities.  This  method  does  not  need 
the  use  of  approximate  representations  of  the  "method  of .average 
velocities”,  where  the  average  velocity  ¥  is  assumed  to  be  a  quanti¬ 
ty  that  is  in  general  variable,  usually  depending  on  the  depth,  but 
at  the  same  time  it  is  assumed  that  the  r&ys  are  straight  lines 
which  contradict  the  laws  of  geometric  seisad.es , 

In  the  processing  of  opposing  holographs ,  the  method  of  time 
fields  yields  nearly  equal  results  to  those  of  the  "conjugate  points" 
method  /lh7,  in  particular  in.  the  fact  that  it  makes  it  possible  to 
take  into  account  the  so-called,  "drift"  of  the  points  of  the  refract¬ 
ing  boundaries  relative  to  the  points  of  observation  on  the  profile. 

But  it  is  more  general  and  in  practice  more  convenient  than  the  method 
of  conjugate  points”,  particularly  in  application  to  multiple -layered 
media. 

The  method  of  time  fields  makes  it  possible  to  process  also 
single  hodogr&phs.  In  this  case  it  replaces  the  "triangle  method" 

(p£ t  and  in  addition  makes  it  possible  to  carry  out  the  constructions 
in  practice  more  accurately,  without  ace  uxaulation  or  with  lesser  ae~ 
cumulation  of  errors  along  the  profile,  and.  in  addition  it  is  appli¬ 
cable  for  both  constant  and  variable  velocities.  Furthermore,  it 
makes  it  possible  to  take  into  account  not  only  the  waves  that  glide 
along  the  separation  boundary,  but  also  the  waves  that  penetrate  in¬ 
side  the  underlying  layer  (i«e*,  it  permits  taking  the  "penetration1-'' 
phenomenon,  into  account)* 

Finally,  this  method  makes  it  possible  to  determine  the  boundary 
velocities  Vte  with  both  opposing  and  overtaking  likj&ographs  of  re¬ 
fracted  waves,  for  any  number  of  layers  and  for  any  form  of  refract¬ 
ing  boundaries,  and  furthermore  for  both  constant  and  variable  veloc¬ 
ities  in  the  layers. 

The  differ ene e -hodo graph  and  tQ  methods  are  based  on  the  use  of 
non-rigorous  representation  of  the  "method  of  average  velocities":  in 
the  calculations  it  is  assumed  that  the  rays  are  straight,  even  though 
the  velocity  V  may  be  variable. _  In  view  of  this  it  becomes  necessary 
to  assume,  in  particular,  that  V  does  not  vary  too  much  in  space.  It 
is  further  assumed  that  in  the  plane  of  the  rays  the  boundary  differs 
little  from  a  linear  one  and  the  phenomena  of  penetration  are  lacking. 
The  so-called  "seismic  drift”  —  the  displacement  of  the  horizontal 
projection  of  the  point  of  emergence  of  rays  from  the  refracting  layer 
relative  to  the  same  point  on  the  profile,  where  this  r&y  is  observed, 
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is  taken  into  account  in  this  method  only  partially;  for  example,  in 
tiie  interpretation. of  opposite  hodograpM  one  compares  not  the  "con¬ 
jugate*  elements  of  the  holographs,  but  the  boundaries  that  corres¬ 
pond  to  one  and  the  same  point,  gad  the  elements  of  the  hodogyapbs  in 
gob  sad  the  same  point  of  the  profile,  which  correspon  to  different 
points  of  the  boundary,  fflhis  j safes  it.  necessary  to  introduce  tbs  as¬ 
sumption  that  there  is  a  weak  variation  of  the  boundary  velocity  ¥b 
along  the  profile-  finally,  in  the  determination  of  1L  one  adds  fur¬ 
ther  the  assumption  that  the  angles  ¥*  of  the  inclination  of  the 
boundary  are  small  (so  that  cos  cf  ass*  i  )* 

la  spite  of  the  foregoing  non-rigorous  asstssptlons  and  limita¬ 
tions,  these  approriaate  methods  can  be  frequently  used  with  great  suc¬ 
cess  0  Usually  the  interpretation  of  longitudinal  bodogr&phs  is  carried 
out  first  by  approximate  methods,  and  It  is  then  clarified  to  the  ex¬ 
tent  to  which  the  general  character  of  the  construction  of  the  medium 


admits  of  their  use.  Next,  in  those  places  where  the  structure  o.s. 


medium 


found  to  be  explicated »  for  example,  where  the  boundarie 


are  strongly  curved  or  inclined  at  considerable  angles  and  where  the 


velocities  ¥h  change  sharply,  the  results  of  the  approximate  construe 
tions  are  controlled  end  refined  by  employing  the  method  of  the  time 


fields .  ®se  latter  is  used  also  ■store  it  is  necessary  absolutely  to 
take  into  account  the  seismic  drifts,  and  also  where  it  is  necessary 
to  take  special  account  of  the  ffeets  of  refraction  of  waves  by  the 
intermediate  boundaries  in  a  very  iahotaogeaeous  covering  medium. 

In  the  CSSRW  it  is  possible  to  use  also  additional  auxiliary 
methods  of  ‘.interpretation  of  liodographs  of  refracted  waves  (see,  for 
example,  /it,  $0] ) » 

Ihe  section  constructed  along  the  longitudinal  profile  is  con¬ 
ditionally  referred  to  the  "ray  plane”,  which  is  normal  to  the  refract¬ 
ing  boundaries.  If  the  angles  of  the  lateral  inclination  of  the  bound¬ 
aries,  i.e.,  the  inclination  in  the  planes  perpendicular  to  the  dlrec* 


tion  of  the  longitudinal  profile,  are  small  (for  example  on  the  order 


up  to  10°),  then  the  section- can  usually  be  conditionally  referred  to 


the  vertical  plane,  in  which  the  longitudinal  profile  lies.  At  large 


angles  of  lateral  inclination,  this  becomes  unacceptable,  and  this 
must  be  taken  into  account  in  particular  in  the  compilation  of 
structural  waps. 


dt 


Preliminary  Operations  with  the  Bodographs 


As  a  result  ©f  the  correlation  of  the  phases  of  oscillations 


one  first  plots  from  the  seismograms  the  holographs  of  the  phase 


the  waves  —  simple  end  cam&Lex. 


most 


tent  problem  in  the 


interpretation  of  seismic  observations ,  preceding  the  construction  of 
the  sections,  is  the  recognition  of  the  waves  —  the  separation  of  the 
simple  waves  from  the  other  oscillations ,  the  establishment  of  the  mu¬ 
tual  relationships  and  correspondence  to  definite  boundaries  of  separa¬ 
tion  in  the  medium.  She  recognition  of  the  waves  is  carried  out  to  a 
great  extent  in  the  analysis  of  the  seismograms,  but  it  is  continued  in 
the  compilation  of  the  ho 
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On  the  "basis  of  the  phase  hodographs  of  the  simple  waves  one 
constructs  hodo graphs  of  the  entries  of  these  waves.  Shis  is  done  by 
introducing  into  the  phase  holographs  definite  corrections.  Other  cor¬ 
rections  are  introduced  to  take  into  account  differences  in  the  condi¬ 
tions  -  under  which  the  observations  have  been  carried  out,  from  those 
simpler  conditions,  which  are  assumed  in  order  to  carry  out  the  quanti¬ 
tative  interpretation  of  the  holographs  —  the  construction  of  the 
sections  ?  for  example,  it  will  be  assumed  that  the  points  of  explosions 
are  located  on  the  surface  of  the  earth,  that  there  la  no  zone  of  small 
velocities,  etc. 

It  is  then  necessary  to  interrelate  accurately  the  systems  of 
holographs,  corresponding  to  one  and  the  same  "boundary,  "by  means  of  mu¬ 
tual  points,  to  construct  summary  hole- graphs  of  the  refracted  waves, 
and  to  construct  the  lines  t^Cx),  The  corrected  interrelated,  summary 
holographs  do  serve  as  the  basis  for  the  construction  of  the  sections. 

Corrections .  It  is  possible  to  introduce  the  following  correc¬ 
tions;  T)  for  the  phase,  ±»e,,  for  the  difference  in  the  time  of  ar¬ 
rival  of  the  traced  phase  of  the  simple  wave  and.  the  time  of  arrival  of 
the  front  of  this  wave j  2)  for  the  horizontal  displacement  of  the  point 
of  explosion  from  the  line  of  longitudinal  profile ;  3)  for  the  depth 

of  explosion j  k)  tor  the  topography. 

‘Che  correction  for  the  phase  is  introduced  by  starting  out  with 
the  assumption  that  the  holographs  of  the  phases  and  the  holograph  of 
the  entry  (front)  of  a  given  wave  are  parallel  to  each  other,  i.e», 
that  for  a  given  phase  the  value  of  the  correction  is  constant.  The 
value  of  tMs  correction  can  be  reality  established  if  on  certain  seisrao 
grams  the  considered  refracted  wave  has  also  clear  cut  first  arrivals 
and  a  clear  cut  phase.  The  clear  cut  arrivals  and  the  phase  can  some¬ 
times  be  obtained  at  one  and  the  same  point  and  on  different  tapes  at 
different  intensities  of  oscillations.  The  values  of  the  correction 
thus  obtained  are  used  fox*  a  given  wave  on  those  portions  of  the  profile 
where  it  is  traced  only  by  phase.  In  those  cases  when  the  considered 
wave  gives  in  no  place  any  clear  cut  first  arrivals  and  was  traced  only 
by  phase,  the  magnitude  of  the  correction  for  the  phase  is  estimated 
approximately,  as  is  done  in  the  method  of  reflected  waves. 

The  corrections  for  the  horizontal  displacement  of  the  point  of 
explosion  from  the  line  of  the  profile  is  introduced  (if  such  a  displace 
meat  exists)  unlike  the  mmining  corrections,  not  in  the  times  of  ob¬ 
servation,  but  in  the  observation  stations.  ‘The  points  of  explosions 
are  shifted  along  the  profile  perpendicularly  to  this  line.  During  ex¬ 
plosions  at  these  points,  the  observation  points  are  shifted  along  the 
line  of  profile  in  such  a  way,  that  the  distance  along  the  profile 
from  the  corrected  transferred,  .point  of  observation  to  the  shifted 
point  of  explosion  remains  the  same,  as  between  the  true  point  of  ex¬ 
plosion  and  the  point  of  observation  in  the  location  (more  accurately, 
in  plan)* 


[*mr. 


way  as  in  the  method  of  reflected  waves  (see,  for  example,  /lb,  58/ , 
a?:i&  require  no  special  explanation.  She  same  pertains  also  to  the  topo- 
graphic  corrections*  Eie  latter  can  fesws-  he  not  introduced  at  all, 
but  in  its  place  it  is  necessary  to  construct  the  profile  not-  from,  the 
reduced  line,  but-  from,  the  line  of  topographical  relief  j  in  practice 
this  is  done  most  frequently. 

We  note  that  it  Is  always  necessary  to  introduce  also  'certain 
other  of  the  aforementioned  corrections*  Ei.ua,  if  the  given  have  is  oh 
served  by  first  arrivals,  then,  naturally,  the  correction  for  the  phase 
drops  out.  It  is  unnecessary  to  introduce  constant  corrections  in 
those  holographs  of  refracted  w ®,  which  will  be  combined  into  & 
single  sumary  holograph  by  means  of  parallel  transfer,  provided  omy 
the  times  by  these  holographs  will  not  be  used  to  interrelate  the  sys¬ 
tem  by  mutual  points. 

fhe  calculation  of  the  corrections  and  their  introduction  bee me 
^topler  also  in  that  case  when  experience  shows  that  under  specific  con¬ 
ditions,  in  a  definite  region  of  operation,  the  fluctuations  in  the 
magnitude  of  the  particular  correction  or  in  the  sum  of  certain  cor¬ 
rections  do  not  exceed  the  permissible  error  of  time  measurement  hy 
seismograms  or  by  holographs,  which  in  turn  corresponds  to  &  known  es*~ 
r-or  in  the  determination  of  the  depths  of  the  refracting  boundaries. 
i%Ar(  the  average  value  of  such  a  correction  or  sum  of  corrections,  de¬ 
termined  beforehand,  cam  be  introduced  in  all  the  observations  without 
a-  particular  determination  of  the  corrections  in  each,  individual  case. 
Such,  in  particular,  may  be.  the  case  of  corrections  for  the  sone^of 
email  velocities,  so  that  part  of  the  work  consumed  in  the  shooting  of 
the  zone  can  be  eliminated,  and  additional  prospecting  work  can  be 
performed  instead. 

Recognition  of  waves*  At  the  stage  of  hodograph  compilation, 
this  recognition  consists  of  determining  sore  accurately  to  which  waves, 
for  example,  refracted  ox*  reflected,  corresponds  any  observed  hodograph 
or  portion  of  the  holographs ,  and  also  which  waves  and  their  holographs 
corresponded  to  the  same  separation  boundaries. 

‘ a )  Recognition  of  refracted  waves  (distinction  from  reflected 
waves).  Holographs  of  refracted  waves  are  distinguished  from  toe  hodo- 
garaphs  of  reflected  waves  primarily  in  their  shapes;  the  separation 
boundaries  are  approximately  plane  and  other  simple  conditions  are  sat¬ 
isfied,  the  holographs  of  reflected  waves  are  curved  ana  close  to  hy¬ 
perbolas,  while  those  of  refracted  waves  are  almost  straight  lines. 
However,  at  these  relatively  large  distances  from  the  paint  of  explosion 
where  there  is  a  danger  of  assuming  refracted  waves  to  be  reflected, 
or  vice  versa,  in  the  region  of  initial  points  of  holographs  of  re¬ 
fracted  waves  and  further  —  the  hodogr&pfes  of  reflected  waves  become 
also  close  to  straight  lines;  therefore  they  cannot  be  distinguished 
directly  from  the  hodograph®  of  refracted  waves  by  simple  examination. 
5Ms  problem  becomes  easier  if  one  compares  holographs  obtained  ex¬ 
perimentally,  with  previously  calculated  theoretical  holographs,  which 


is  most  easily  done  with  the  aid  of  a  template  of  theoretical  hodographe 
of  reflected  waves  /55/« 

Refracted  waves*  connected  with  the  same  separation  boundary,  are 
usually  characterised  by  a  parallelness  of  the  overtaking  hctf  ©graphs . 

The  parallelness  la  observed  if  the  rays  of  this  wave  glide  along  the 
refracting  boundaries.  But  if  they  penetrate  within  the  refracting 
layers,  then  as  the  distance  to  the  point  of  explosion  increases,  the 
apparent  velocities  as  determined  by  the  hodographe  increase.  For  re¬ 
flected  waves  one  observes  the  opposite;  as  the  point  of  explosion  be- 
'comas  more  distant,  the  apparent  velocities  a3  determined  by  the  hodo- 
graphs  decrease. 

In  the  recognition  of  refracted,  waves  from  reflected  ones  use  is 
also  made  of  the  fact  that  the  reflected  wives  usually  are  not  observed 
at  distances  from  the  point  of  explosion,  exceeding  the  distance  to  the 
initial  points  of  the  holographs  of  the  refracted  waves,  corresponding 
to  the  same  boundaries  (Chapter  I,  Section  2). 

b )  Identification  of  refracted  waves  corresponding  to  one  and 
the  same  boundary.  Hie  principal  criteria  for  the  referral  of  refracted 
waves  to  one  and  the  same  boundary  axe  the  following:  equality  of  the 
times  m  determined  by  the  ho&ographs  at  the  mutual  points,  and  approx¬ 
imate  paralleln.es s  of  the  overtaking  hodogp?&phs. 

A  certain  non-parallelness  of  the  overtaking  holographs  of  the 
refracted  waves  may  be  due,  in  addition  to  the  penetration  effects, 
also  to  the  curvature  of  the  refracting  boundaries  in  the  space,  when 
the  seismic  r&ya,  arriving  from  different  points  of  explosion,  do  not 
lie  in  the  same  plane. 

Id  practice  one  frequently  encounters  cases  when  the  effects  of 
penetration  sad  other  causes,  which  cause  deviations  from  the  parallel¬ 
ness  of  the  overtaking  kodograpte,  can  be  neglected.  The  non-parallel- 
ness  of  overtaking  hodogpapns  can  be  reduced,  by  reducing  the  intervals 
between  corresponding  points  of  explosion. 

In  the  comparison  of  refracted  waves  and  their  ho&ograprjs,  ob¬ 
tained  on  one  and  the  same  longitudinal  profile,  but  by  systems  of 
bo&ogr&phs  which  do  not  have  correlation,  or  else  which  are  not  inter- 
correlated  with  intersecting  or  separated  longitudinal  profiles,  the 
criteria  for  the  identification  of  waves  or  their  dynamic  singularities 
(Chapter  IV),  and  also  the  f  slues  of  the  times  (see  below),  the  depth 
and  form  of  the  boundaries  by  sections,  and  the  values  of  the  boundary 
velocities. 


Construction  of  suassary  holographs  and  t  (:«)  lines. 


Interrelation  of  systems  of  hodo. 

»i  .  i!  \  -*  c.  .. 


Construction  of  gumsaary 


and  trt  Txl  lines.  She  method  of  construction  of  summary 


KSSogra^is  has  been  veil  known  for  &  long  time  (see,  for  example, 

£\hf  52/)  and  consists  of  transferring  the  overtaking  holographs ;t  cor- 
responding  to  on©  and  the  same  boundary,  parallel  to  the  time  axis  in 
such  &  vKy,  that  they  become  continuations  of  .each.  Summary  holographs 
(lines  B*B  and  M*  on  Fig,  71)  are  constructed  both  for  direct  VB *B*J 
and  reverse  (AA* )  hodograpfea.  Sum&ary  opposing  holographs  are  inter¬ 
related  by  mutual  points  ,  as  also  are  individual  opposing  hodograpns, 

Xf  the  overtaking  holographs,  connected  into  one  summary  hodograpa, 
do  not  have  overlaping  sections  sad  the  magnitude  of  the  parallsX  shift 
At*  (or  dtH)  can  be  varied  scesewh&t »  than  in  shifting  two  opposite 
dographa,  which  have  mutual  points  (Fig.  71)  it  is  necessary  to  ob« 


following  rule :  the  sub  of  shifts  A  t 3  and  At4*  of  opposite 


serve  the  ~«~0 -  - - -  —  - 

holographs  should  be  e^pal  to  the  shift  A  of  the  mutuaj.  points 
Biis  rule  can',  be  derived  from  the  reciprocity  principle*  If  this 
rule  is  observed,  the  results  of  the  construction  of  the  refracting 
boundary  by  sections  of  hodo  graphs  before  sad  after  the  shift  mzlJL  oe 
identical  to  each  other j  in  particular,  the  depth  of  the  eouruiary  con¬ 
structed  by  shifted  holographs  will  be  found  to  be  exactly  the  ssse 
as  in  the  construct  ion  of  the  'boundary  by  unsfeifted  holographs . 


j&  f 


The  changeover  fro®  simple  hodographs  to  summary  ones  for  furthr 
processing  is  quite  legitimate  in  that  case,  when  there  is  no  penetra¬ 
tion  of  rays  within  the  layers  that  underlie  the  boundary ,  to  which  the 
considered  hodographs  correspond.  However,  if  the  phenomena  of  pene¬ 
tration  do  exist,  then  they  can  he  neglected  in  the  case  of  small  angles 
of  incidence. 

If  opposite  hodographs  —  simple  or  euasauary  — »  have  crossing  sec¬ 
tions,  then  it  is  possible  to  use  these  to  plot  the  curves  tQ  =  tQ  (x)f 
"times  at  the  points  of  explosion”.  These  curves  join  the  points  of 
intersection  of  the  continuations  of  the  hodographs  of  the  refracted 
waves  with  the  time  axis,  passing  through  the  corresponding  points  of 
explosion. 

The  curves  t-Q  (s)  can  be  determined  from  the  points  located  not 
only  "above”  the  points  of  explosion.  The  position  of  any  point,  with 
coordinates  x.}  (x),  located  on  the  curve  t$  (x),  is  determined  by 

the  equation 

*00  =  t(x)  t  tlx-)  -  x 


or  in  a  different  form 


t«04  a 
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t(x) 


where  t  (x)  end  t  (x)  are  the  times  determined  from  two  opposite  hodo¬ 
graphs  at  the  point  x  of  the  profile,  and  T  is  the  time  of  arrival  as 
determined,  by  mutual  points  (Fig.  71). 

In  accordance  with  Ec„  (6)  the  technique  of  constructing^ the 
points  x,  t(,  (x)  is  as  follows  /^sj :  one  measures  a  section  $  t  from 
one  of  the  opposite  hodographs  along  the  line  AB,  joining  the  mutual 
points  of  the  hodographs ,  and  this  section  is  laid  off  downward  from 
the  second  holograph.  An  a  result,  the  sought  point  is  obtained. 

The  curves  t0  (x)  differ  from  the  "arithmetlc^mmn’'  curves, 
which  are  used  in  the  method  bearing  the  same  name  Jvjj f  in  that  their 
position  does  not  depend  on  the  processed  system  of  hodographs,  i.e., 
in  that  it  is  very  important  that  it  be  fully  determined  by  the  struc¬ 
ture  of  the  medium.  With  this,  the  structure  of  thejsedium  may  be  of 
any  kind :  refracting  boundary  curved  and  velocities  V  and  variable; 


there  should  only  be  no  penetration. 

The  curve  tQ(x)  cm  be  used  for  the  calculation  of  the  posi¬ 
tion  of  the  refracting  boundaries.  However,  their  construction  is 
best  carried  out  also  in  those  cases,  when  they  are  not  used  directly 
for  this  purpose.  ft.e  deteivaimtion  of  these  curves  does  not  require 
knowledge  of  the  velocities  of  the  covering  medium,  which  is  necessary 
for  the  construction  of  the  sections.  At  the  sms  time,  the  curves 


trt(x)  make  it  possible  to  obtain  a  clear  general  idea  of  the  behavior 
of  the  boundaries  also  before  data  are  accxmilated  concerning  these 


velocities.  Furthermore,  the  curve  t0(x)  can  help,  as  already  men¬ 
tioned,  in  recognition  of  waves  corresponding  to  different  boundaries, 


and  in  the  identification  of  waves  pertaining  to  the  same  boundaries, 
ffitis  is  particularly  important  when  the  correlation  of  the  waves  hy 
seismograms  is  not  fully  reliable,  for  example,  as  a  result  oi  mutual 

interference  between  mires . 

%  fiefcermination  of  Velocities  in  the  Covering  M&sim 


Scsssary  hodograuhs  or,  w3 


vtisTB  they  cannot  be  ottaiafio.;  snap. 


hadoaraobs*  and  the  tn(x)  Uses,  make  it  possible  to  plot  a  section, 


es ^  <w«.A^s.  VMM  &Qv~*S  i— ^  — -  —■  **  —  ^  ^  , 

provided  the  velocities  in  the  medium  covering  the  considered  reir act¬ 
ing  boundary  are  knows*.  Let  us  proceed  to  a  discussion  of  methods  o~ 

detenainlng  these  velocities.  . 

Average  velocity  V.  ’lb  detemin®  the  velocity  cnsracteristics 

of  the  Sodium  covering  any  of  the  considered  Boundaries,  “ 

relation  method  of  refracted  waves,  as  in  the  method^ of  rexlectec,  waves, 
one  uses  most  frequently  the  idea  of  the  "average  velocity  ’  ^  V.  Xti  the 
case  of  a  horizontal  stratified  medium,  when  the  tru  velocities  caange 
only  with  depth  a,  the  average  velocity  ?  is  usually  meant  to  be  'she 
average  velocity  of  propagation  of  longitudinal  waves  along  the  ver- 
tical  from  the  surface  of  the  earth  (2  *  0)  to  a  given  depth  a. 

1».  the  present  section  we  shall  have  in  mind  this  meaning 
the  quantity  V.  Ms  quantity  is  determined  most  accurately  and  direct¬ 
ly  with  the  aid  of  seismic  coring.  Indirect  determination  of  these 
quantities  are  possible  by  means  of  the  holographs  oj.  reflected 
and  others)  and  refracted  waves *  __ 

Finding  the  average  velocities  V  and,  dgjgt 
boundaries  fro®  times  t A  for  aThyym  1  aw  lot  ns  assume  cha-c. 

thr^^e,wtocity,,FefcSii5  with  depth  in  accordance  with  a  known 
law  V  »  V  (z)  (the  curve  ¥  (2)  on  Fig.  72).  let  us  see  how  to  xjji& 
with  the  aid  of  this  graph  that  value  of  the  average  velocity  V,  wnich 
is  necessary  for  the  interpretation  of  the  observed  hodographs  of  the 

refracted  waves.  .  , 

Ie  the  method  of  reflected  waves  the  analogous  proolsm  xs  solved 

aa  trefxC‘4  is  used  to  find  the 


simply:  the  bodograph  of  reflected  waves  ,  .  ..  .  ^ 

"time  at  the  explosion  point*5  tQrei~  j[Fig«  73),  aadjthso  tns  sought 
value  of  Vry  of  the  average  velocity  ¥  is  determined  by  using  the  gr< 
rail)  fig,  72. 

If  in  work  with  the  CMW  one  observes  simultaneously  wiun  toe 
refracted'  waves  also  the  .reflected  waves  (combined  method;,  and  if  to 
gather  with  the  considered  bodograph  of  refracted,  wave  toe)  there  is 
also  obtained  the  corresponding  fcodoserosh  of 


reflected  -save  treix(xj 


corresponding  to  the  same  boundary  R,  then  the  pr 


ilem  of  finding 


necessary  for  the  interpretation  of  the  hodo^raph  of 
waves  reduces  to  the  following;  the  velocity  V  found 


Y5S1XU.&  of  V 

the  refracted  —  —  - - —  —  s  _4  __ 

by  the  hodegraph  of  reflected  waves  is  used  also  for  the  construe j*o» 
of  the  boundary  based  on  the  corresponding  hodograpb  of  the  refracted 


Fig,  72.  Vertical  holograph  t(z)  and  graphs  of  dependences  of _veloc - 
iticis  on  the  depth  2  and  time  of  arrival  of  reflection  trei-5-,  V  (z) 
and  V(treI-}  are  graphs  for  the  average  velocity.  The  graphs  of  the 
lovrer  velocity  V  (z)  —  summary  velocity  column  —  are  given  in  two 
forms :  smooth  curve  (dotted)  and  staircase  line.  On  the  diagram, 
t/ell  a  t/2j  =(%  -  Hx)/(t2  -  tx);  Vfl  *  H/t. 


However ,  in  the  method  of  refracted  waves  (CMRW)  one  is  forced 
more  frequently  to  solve  this  problem  without  having  corresponding 
hectographs  of  reflected  waves.  In  this  case  the  problem  becomes  some¬ 
what,  more  complicated  owing  to  the  fact  that  in  the  method  of  refractions 
tne  'piffle  at  explosion  point"  t  (Fig.  73)  is  connected  with  the  depth 
and.  the  velocities  by  a  more  complicated  relationship  than  the  analogous 
quantity  eM)  in  the  method  of  reflected  waves.  __ 

The  solution  of  this  problem  is  found  in  the  textbook  (/5 §J, 

P  3^2 ) »  We  give  give  below  another  somewhat  simpler  solution. 

Let  us  assume  that  there  are  given  holographs  of  only  refracted 


waves  and  these  are  used  to  determine  the  times  tQ,  intercepted  by  the 
continuations  of  these  holographs  on  the  time  axis,  passing  through 
the  corresponding  points  of  explosion  (or  that  the  lines  1q  «  t0(x)  by 
opposite  holographs  have  been  determined).  We  start  out  with  the  as¬ 
sumption  that  the  medium  is  horizontally  stratified,  and  we  shall  use 
the  method  of  average  velocities,  i.e.,  we  shall  assume  arbitrarily 
that  the.  rays  are  straight,  although  the  average  velocity  depends  on 
the  depth'.  V  =  V  (z).  In  addition,  we  shall  assume  the  value  of  the 
boundary  velocity  to  be  known  for  the  sought  boundary;  it  is  not 
necessary  to  know  the  value  of  V  in  order  to  determine  it  by  the 


method  of  "difference  hodograph"  as  outline!  in  pages  13^  —  138 
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5*34 .  73*  Used  in  the  deterainatiors  of  the  depth  E  and  the  average 
velocity  %  -  V  (H)  for  a  refracting  boundary  at  a  known  law ^ of  average 
vsloeitiea^Y  (z ),  provided  one  knows  the  ti&e  Iq,  intercept sa  oy  the 

of  the  ho&ograph  of  refracted  waves  on  the  tiffie  axis,  fnid. 
the  bonncSxiry  velocity  Vv ;  IP  --  initial  point  Oy  the 
reflected  waves ;  Hi  — “point  of  intersection  of  nodograpb. 


Lodcxrraph  of 


'c 


Oar  problm  consists  of  determining,  for  a  given ^ value .  of  c.ae 
the  corresponding;  value  of  H  of  the  depth  a  ana  to  -tina  the 
velocity  %  =  V  (H). 


For  this  par pose  we  first  solve  the  opposite  question:  g 
values  z  ~  z* ,  to  which  correspond  the  definite  values 

1  .  rl 


the  corr espondin g 


»  t  A-’-  .  1  ■•■‘■C,  3  ’  5 

^  c  -3  /  i  \*  Vw  UWftwitl^wiVVVi 

to*  and  let  us  plot  the  graph  of  the  relation  between  V, 


%u,X 

Shj.s  seraph  will  serve  as  a  nonsof 


asogrtsa  for  solving  the  direct 


Tae  nosiogms  is  calculi,; 


in  accordance  with  the  veil  known 
explosion,  when  the  depth  c-t 


formula  for  the  txnae  Tq  at  tne  point  os 

the  refracting  boundary  z  ®  R  is  known,  along  with  the  velocity  in 

for  example* 


t-  VV  1 


£1*3  XifX 


(V }  and  the  underlying  (*%)  medium  (see. 


17,1 


(7) 


where 


(8) 


In  this  case  it  is  assumed  that  V  depends  on  %  («H). 

Having  specified  definite  gradually  incre&singjaumerical 
values  of  2i  of  the  depths  z,  ve  find  from  the  graph  V  (a)  the  cor¬ 
responding  values  of  V.,  of  the  average  velocity  V,  and  then,  using 
the  formulas  (?)  and  (8)?  we  calculate  the  corresponding  values 
t-jj  of  the  times  tQ.  _ 

The  pairs  of  values  (toi?zi)  aiah  &Qi>  %)  possible  to 

plot  point  by  point  two  curves i  in  the  former  cases  —  the  relation¬ 
ship  H  -  H  (t0)  (hereji  has  the  same  meaning  as  z),  and  in  the  second 
the  relationship  V  «  V  (Iq). 

Both  curves  can  be  unified,  an  shown  in  Pig.  74,  by  putting  two 
kinds  of  markers  on  the  ordinate  scale,  one  for  the  depth  H  and  one 
for  the  velocities  ¥.  This  is  more  convenient  in  the  use  of  this 
graph  for  the  construction  of  sections  (eeejSection  4). 

In  order  to  determine  the  values  cf  ¥  and  H  for  different  pos¬ 
sible  values  of  V '  for  different  boundaries,  or  for  one  boundary  with 

a  varying  velocity  Vu,  it  ie  necessary  to  plot  on  the  graph  a  series 
of  curves,  corresponding  to  different  values  of  *  const,  l»e«,  to 
show  a  family  of  curves  with  parameter  V^.  This  is  shown  in  Fig.  74. 

We  note  that  a  curve  with  parameter_¥b  ~  coincides  with 

the  curve  H  =  H  and  respectively  V  »  V  (tore  i‘)  for  the  hodo- 

graphs  of  the  reflected  waves,  _ 

Determination  of  average  velocities  V  by  the  initial  points  of 
holographs  of  refracted  waves.  If  it  becomes  possible  to  separate  by 
means  of  the  seismograms  and  to  note  on  the  hodo graphs  the  initial 
points  of  the  holographs  of  the  refracted  waves  (point  IP  on  Fig,  73)* 
then  these  points  can.  be  used  to  determine  the  average  velocities  a- 
head  of  the  refracting  boundaries.  * 


*  Strictly  speaking,  here  one  determines,  as  by  means  of  the 
holographs  of  the  reflected  waves  not  the  average  but  the  ef¬ 

fective  velocities,  which  are  precisely  equal  to  the  average  veloc¬ 
ities  only  for  known,  ideal  conditions  (covering  medium  homogeneous  etc.). 
However,  under  conditions  which  are  most  frequently  encountered  in 
practice,  the  effective  velocities  usually  differ  little  from  the  aver¬ 
age  ones  and  can  be  assumed  in  place  of  the  average  ones  without  in¬ 
troducing  corrections  (£5 §J>  PP  66  —  75)*  The  dependence  of  the 
effective  velocities  and  the  different  factors  is  considered  in 
articles  /31,  337* 
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It  is  impossible  to  determine  V  directly  from  the  latter  formula, 
since  the  angle  if  can  "be  obtained  only  as  a  result  of  constructing 
the  section,  for  which  it  is  necessary  to  know  ¥  beforehand.  But  a  corn- 
par  son  of  this  formula  with  the  preceding  one  (9)  makes  it  possible 
to  estimate  the  systematic  error  in  the  determination  of  V  by  means  of 
formula  (9),  which  depends  on  the  inclination  of  the  boundary.  The  cal¬ 
culations  lead  to  the  following  Table  7. 


TABLE  7 

Relative  error  S  ?__==  (V  -  1  if  )/V  in  the  determination  of  the 
average  velocity  V  by  means  of  formula  (9)>  depending  on  the 
angle  of  inclination  of  the  refracting  boundary  fk&f . 

</  in  degrees.  G  10  15  20  25  30 

$  V  in  percent.  0  0.8  1.6  3»1  T*0 


It  follows  from  Table  7  that  even  at  considerable  angles  of 
inclination  of  the  boundary,  approximately  up  to  20$,  the  systematic 
error  in  the  determination  of  V  by  means  of  formula  (9),  which  de¬ 
pends  on  this  inclination,  does  not  exceed  ordinary  random  errors  of 
single  determinations  of  the  value  V  by  holographs  of  the  reflected 
waves . 

An  idea  of_the  possible  magnitude  of  the  random  err or  in  the 
determination  of  ¥  by  'the  coordinates  of  the  initial  points 
(xjp,  try)  is  given  by  the  following  example  jjffj  -  If  the  relative 
errors  of  the  arguments  are  S'  xrp  *  *  t  jp  ~  2$,  &  «  3$>  the 

angle  f  ~  20°,jand  its  error  is  Af  ~  5°,  then  the  relative  error 
in  the  value  of  V  is  S  ¥  =  3»2$  _ 

A  similar  examination  of  the  errors  in  the  determination  of  V  by 
initial  points  of  the  holographs  of  refracted  waves  and  a  comparison 
with  the  errors  in  the  determination  of  ¥  by  the  holographs  of  reflected 
waves  is  found  in._referen.ee  jjtffff] '«  The  general  conclusion,  is  that  the 
determination  of  V  by  initial  points  is  inferior  in  accuracy  to  the 
determinations  by  holographs  of  reflected  waves,  although  usually 
by  not  much. 

However,  the  principal  obstacle  to  an  extensive  systematic  ap¬ 
plication  of  the  considered  method  for  work  in  CMKtf  is  not  the^  failure 
in  accuracy  --  this  accuracy  is  usually  satisfactory,  but  the  fact 


that  a  reliable  discrimination  of  the  initial  points  can be  carded  out 
only  under  particularly  favorable  seismogeologieal  conditions,  which 
are  relatively  rarely  encountered.  ,  ,  f  itpr_ 

Determination  of 

section  of  the  hodogr&nbs*  for  lack  of  other  more  relate  data,  aa 
ISnfoSiBate  value  of  the  average  velocity  T  can  he  Detained  oy  u*e  'X*“ 
1*  tf,s  /«_.  dj™)  0f  the  points  of  intersection  of  the  hodogr&phs,  cor- 
££5l£%  tgi  up  to  «**  the  ««* -to-tjr  is 

mined.,  and  the  covering  medium,  as  veil  as  the  preceding  hranc  ^ 
holograph-  corresponding  to  the  refracted  waves  in  a  certain na^Z~ 
in  the  covering  layer,  or  else  the  direct  wave  in  the  cover  in  gj^yer 
p  whole  if  the  velocity  in  it  changes  with  depin  monotozdcsHy  and 
iSSS&^LZZ,  (Fto  73).  «*  velocity  V  is  c^tjd  in  accor- 
dance  with  the  following  formula,  which  has  xong  bees  used  in  pra,^iee 
in  the  method  of  refracted  waves 


*  X  H 

According  to  this  formula,  the  average  velocity  V  ahead  ofa  gi¬ 
ven  refracting  boundary  is  determined  by  the  slope  of  ^ oT 
*h~  rri pin  0  (m3 at  of  explosion)  to  the  point  IK  of  tne  intersection  el 

tte  hotographJ  Maturally,  one  must  introduce  in  the 

also  the  corresponding  corrections,  as  indic&tea  75,# 

Formula  (10)  is  accurate  provided  the  covering  med^ 
geneous .  But  calculations  for  certain  cases  of  a  stratiiied  cuv^ng^ 
medium  with  constant  layer  velocities  \±  (i  »  1,  2'  m+ered  in ‘w*c- 

the  layers  show  that  under  the  ordin^y  relations  enca^tered  in^prac 

tice  between  the  thicknesses  arid  velocities  in  '  . 

in  the  determination  of  V  by  formula  (10 )  are  usually  riot  ^/l-  g  • 

Thus,  in  the  case  of  a  double  layer  covering  medium  with  thicknesses  o 
layers  h,  and  lu  and  velocities  Vx  and  Va,  and  \Jj ^.O.S  bau 
v  Ju  -J-c  vi^  changing  velocity  V*  in  the  considered  re.ract.xig 
SfiS:  ^  a  Sde  range  (¥,AV  >0.1)  the  errors  in  the  determination 
c/f  do  not  exceed  10*5  ath^^  1  these  errors  may,  however,  reacn 

OAff.  e?  v's'"*  vri> 

Rcmaarison  of  different  methods  of  deteCTninin£_V.  ®iS  ®f“ 

curate  St^TWlSSraSmSia  also  on  the  layer  v^to^tloa)  i te_ iro- 
spec  ting  by  the  CMEW  are  obtained,  as  in  the  method  of  reflected 

with  the  aid  of  seismic  coring.  / 

Somewhat  less  accurate,  but  also  fulry  reliable  &£&<* 
favorable  conditions)  are  obtained  with  the  aid  of  the  interpretation 
of  holographs  of  reflected  waves.  To  obtain  such  tout  ^ 

necessary  to  accompany  the  work  on  the  OCW  by  observations  oj  the  method 

of  reflected,  waves  (combination ) » 
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Pig*  75*  Detemination  of  the  average  velocity  V  on  the  basis  of  the 
point  of  intersection  of  holographs.  The  average  velocity  correspond¬ 
ing  to  the  boundary  from  which  the  holograph  t(x)  is  obtained ,  is  de"“ 

temined  by  the  formula  V  »  xxs/^JE*  t:lme  t-XH  is  tiie  time  &t  tiie 

point  of  intersection,  corrected  for  the  depth  of  the  charge  cor¬ 
rection  (At)  and  for  the  difference  in  the  phase  from  the  arrival 
(correction  £  t). 

The  next  accurate  method  of  determining  the  average  velocities 
V  is  the  use  of  initial  points  of  holographs  of  refracted  waves.  The 
use  of  this  method,  as  indicated.,  is  limited  essentially  by  the.  fact 
that  the  separation  of  the  initial  points  can  be  carried  out  only  under 
conditions  that  are  particularly  favorable  for  this  purpose  from  the 
seismogeological  point  of  view. 

Finally,  the  least  accurate,  but  the  most  universal  method  or^ 
determination  of  V  is  by  calculating  this  quantity  from  the  points  o*. 
intersection  of  the  holographs 8  _ 

If  data  of  the  velocities  V  over  a  certain  section  of  the  in¬ 
vestigated  territory  have  been  obtained  by  &  more  accurate  method,  it 
is  naturally  necessary  to  consider  these  as  the  reference  data  and 
have  them,  serve  as  a  basis  of  the  interpretation  of  the  holographs  of 
refracted  waves  in  the  construction  of  the  sections.  In  this  case, 
however ,  one  cannot  neglect  data  which  make  it  possible  to  determine 
velocity  V  with  lesser  accuracy,  A  comparison,  of  these  determinations 
with  the  more  exact  ones  will  allow  a  more  justified,  use  of  approximate 
methods,  when  it  becomes  necessary  to  resort  to  them  as  the  distance 
to  the  places  where  the  reference  data  are  known  is  increased. 


Ccarotlatioa  of  mjssmrj  fiats 

r.-iftrH'wr  tS?rcSB^  "aX  is  the  method  of  reflected  individual 

Hr^^^u&t-tore  of  the  average  velocity  \F  (add  other  'velocities ;  in 
c^r^“v^  the  exception  of  seismic  carottsge,  usually 
;rJVS3  -5OV  reliability*  Owing  to  the  lack  of  other  data  tnese  «"~ 

Sed  Snly  atthe  keginning/ In  the  preliminary  interrretation  at  the 

,  *  '--.  »  ...  -*fc  AheAW^t.^  fifi  W  "«  ri  £L  R*SW  X1  Og-ChOfJ- «  ? 

ft t" £jT  p, p>- j  .g>T»Vt, 1£?1  O £! Tj o  t* J. 2i ^5  s,/fc>*; v2a  #tAv*.v/4*w  ■*.**••  '-*  * 

iTmatiial^is  accuasOafced  {feodogr&pts  of  reflected  and  refracted 

-nfl  determinatiozss  are  made  from  these  of  the  average  veuoe- 

nIas'Ctta«“S  in  *  «  <“  *%?*> 

an5  oaw  then  can  they  he  used  la  such  a  generalised  form  for  rur-oer 
:Laterpret.ation  of  hodogr-apise :  in  the  construction  of  the  sections  and 

-i'n  the  compilation  of  structural  maps*  ,  .  , 

^h^re  ©xtstc  two  principal,  methods  of  ccsy?3.x&uxoju  of 
date  on"*" velocities':  the  first  -  the  compilation.  of  auaeavy  velocity 
sections ,  characterizing  the  dependence  of  the  average  velocity  *  i.w 
an.-?  leyer  velocitv  V  (z)  on  the  depth  su  2he  second  is  tue  cckptiaUon 
of  graphs  V  (x)  or  maps  V  C  Ml)  of  average  velocities,  character £- 
ing  their  variations  as  functions  of  the  horizontal  cocotl^U.*  x, 
the  profiles  or  routes  (x)  or  over  the  area  (  J,  JJ  h 
method  is.  applicable  preferably  in  prospecting  at  me«ium  and  ©.eat 
deaths,  vhere  usually  several  boundaries  are  constructed?  the  second 
Urn*,  ta  vro^uU  at  «U  depU*  and  for  a  smll  (usually 

one  or  two)  boundaries  under  conditions  of  great,  vari&oxxiiy  oi.  ~ 
velocities  in  the  covering  layer  at  different 

55ieee  two  methods  can  also  he  combined*  pu  --•• 
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graph  t  *  t  (a-),  where  t  «  */▼.  On  this  gsepuone  P~o-ut; 

ffereut  symbols >  the  points  t-.)|  ~  Xjv  X. 
a  result  of  the  determinations  of  1  and  z  -  either  o, 


#*  Analogously:  summary  stratigraphic  (or  lithological)  cox- 
a  tern  used  in  geology  and  geological  prospecting.- 
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different  methods  (  by  holographs  of  reflected  waves,  by  initial  points, 
and  by  points  of  intersection  of  holographs  of  refracted  waves,  and  if 
these  are  available,  also  by  seismic  coring  data),  or  else  under  differ¬ 
ent  conditions  (when  the  upper  part  of  the  section,  judging  from  the 
geological  data  or  from  the  velocities  determined  by  the  first  branches 
of  the  holographs,  is  represented  by  different  rocks}*  The  introduction 
of  different  designations  makes  it  possible  in  the  former  case  to  give 
a  relative  estimate,  by  means  of  different  methods,  of  the  deter¬ 
minations  of  V  in  local  conditions,  and  in  the  second  —  as  convinc¬ 
ing  data  are  accumulated  it  is  possible  to  carry  out  the  separation 
of  'the  regions  with  substantially  different  velocity  columns. 

She  aggregate  of  the  points  obtained  (zj_,  tj_)  is  averaged  on  the 
graph  by  either  drawing  a  smooth  curve,  or  a  broken  line,  depending  on 
what  bind  of  1 m  is  proposed  to  be  obtained  for  the  variation  of  the 
layer  velocity  ¥  with  depth  z.  The  first  method  corresponds  to  a 
continuous  law  ¥  =  v(z),  the  second  to  a  step-like  law:  Vj.  ~  const, 

V  -*  1  O 

*"*  * 

The  choice  of  any  particular  law  is  determined  primarily  by  the 
requirement  of  better  correspondence  between  observations. 

On  the  basis  of  the  average  graph  (curve  or  broken  line)  of  the 
vertical,  hc-dograph  t(z),  one  plots  ’the  remaining  graphs,  shown  in  Pig. 
72,  namely^  for  the  dependence  of  the  average  and  layer  velocities  on 
the  depth  V(z )  and  V(z)  (velocity  column ) ,  and  for  the  dependence  of 
the  average  velocity  on  the  time  of  reflection  against  the  point  of  ex¬ 
plosion  ). 

The  values  of  V  for  the  construction  of  the  graphs  ¥  (z)  are  de¬ 
termined  as  apparent  velocities  over  the  vertical  holograph.  t(s).  If 
the  graph  Y(z)  are  obtained,  in  the  form  of  a  staircase  line,  then  the 
values  of  the  layer  velocities  =  const  are  determined,  within  the 
limits  of  the  corresponding  intervals,  from  the  inclination  of  the 
straight-line  segments,  of  which  the  vertical  holograph  consists  in 
this  ease. 

One  also  enters  in  the  summary  velocity  column  the  data  on  the 
boundary  velocities  obtained  at  definite  depths,  based  on  the  re¬ 
sults  of  the  interpretation  of  the  holographs  of  the  refracted  waves 
on  the  longitudinal  profiles.  The  compilation  of  the  graph  of  the 
layer  velocities  ¥  «  V(s)  with  values  of  the  boundary  velocities 
makes  it  possible  sometimes  to  judge  the  degree  of  reliability  of  the 
initial  graphs  the  vertical,  holograph  t  ~  t(z)  or  the  law  of  average 
velocities  ¥  ~  V  (a).  The  layer  velocities  ¥  cannot  be  greater  than 
the  boundary  velocities  Y-{}  in  layers  located  at  one  and  the  same 
depth;  this  follows  from,  the  physical  meaning  of  both  types  of  veloc¬ 
ities.  If  it  is  found  that  the  layer  velocity,  calculated  on  the  basis 
of  the  vertical  holograph  or  the  graph  of  average  velocities,  exceeds 
thejbornidary  velocities  at  the  same  depth,  then  the  assumed  law  t  *  t(z) 
or  v  «  V  (z )  should  be  reviewed  and  corrected  with  the  add  of  certain 
changes  in  the  direction  of  the  aver&geing  curve. 

On  the  basis  of  the  summary  graph  of  the  average  velocities 

V  »  V  (s),  one  plots  the  curves  V  (tQ)  and  H  (t^ )  for  definite  values 


of  the  boundary  velocities  (Fig.  7*0>  with  the  aid  of  wnieh  one  com¬ 
piles  the  sections  and  the  structural  charts . 

For  portions  -where  the  velocities  change  with  depth  essentially 
i;n  different  manners,  it  becomes  necessary  to  compile  separate  velocity 
columns,  Here  it  is’  necessary  to  strive,  wherever  possible,  towards^ 
an  increase  in  the  dissensions  of  the  section*  in  vnich  it  is  prop-vseu 
to  use  the  same  velocity  column,  particularly  if  the  Individual  ter- 
mi-nation  do  not  yield  sufficiently  clear  or  a  systematic  picture  of 
the  distribution  of  velocities  in  the  space,  When  Interrelating  the 
sections  and  the  structural  charts,  constructed  oa  the  neighboring 
sections  through  the  use  of  .different  velocity  columns,  the  necessity 
arises  naturally  of  res  rtiag-to  interpolation,  which  com  licates  the- 

’b )  feagas  V  (x)  and  charts  V  ^  )  of  the  variation ..of  the 
aviiraste  velocitTei~Song  the  peallS©  "and  over  the  Such  graphs 

aad.  charts  are  compiled,  separately  for  each  ox  the  prospected,  wourut&r  ao*  « 

Bie  graph  of  variation  of  the  average  velocity  along  the  profile 
V  (x)  is  plotted  point  by  point  (>'i »  Vi),  1  *  1,  2>  3,  •  where Is 
the  value  of  the  average  velocity  obtained  as  a  result  of1  the  individual 
datenrdnatlcn,  and  x;  are  the  coordinates  (stations)  of  the  points  of 
the  profile,  to  vhlcfe  these  .values  pertain.  She  points  are  selected 
in  the  middie  of  the  interval,  of  the  profile,  on  which  the  determination 
of  %  in  carried  out.  Thus,  in  the  determination  of  V  by  single  hodo- 
grapha  of  reflect©!  waves,  Xj  is  taken  half  way  between  the  point  ox 
explosion  end  the  center  point  of  t he  interval  of  observation  of  re- 
flection i  if  V  is  dotenained  on  the  basis  of  the  initial  point  or  the 
point  of  intersection  of  the  holographs  of  the  refracted,  waves, _it  is 
*triJa€!n  vts'V"  li^'bwsfsn  t-lic. .  poxnij  oi*  c^xpILo & xon  fcfa.0  cox 

The  aggregate  of  such  points  (xj,  V-j )  obtained  on  the  profile 
is  generalised  by  drawing  a  broken  or  a  smooth  curve  between  those 
points  3  and  the  probable  errors  are  take®  into  account  —  one  leaves 
our  the  deviations  of  the  individual  insufficiently  reliable  points 
from  the  averaging  line. 

In  the  ease  of  area  surveys  b£  means  of  a  net 
profiles,  from  which  the  velocities  %  are  determine 

the  generalisation  is  presented  in  the  fora  of  a  cfc&~  _  -  - _- 

of  fj  For  this  purpose,  use  is  made  of  graphs  V  (x),  plotted  on  the 
'oasis  of  the  profiles,  la  the  presence  of  mutually  controHshle  data,. 
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the  'mine  of  V  over  the  area.  The  isolines  of  V  are  drawn  smoothly, 
without  details  due  to  deviations  of  individual  determinations  of 
from  the  overall  picture,  provided  these  deviations  lie  within  the 
limit©  of  possible  errors.  „ 

Let  us  note  that  in  this  method  of  expressing  the  velocities  V 
asfuncrtlons  of  the  horizontal  coordinates  the  variations  of  the  veloc¬ 
ities  f  with  the  depth  2  or  respectively  with  the  values  of  -1- 
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automatically  taken  into  account ,  although  tills  is  not  expressed  in 
explicit  form  in  this  scheme  of  processing  of  the  observations .  How¬ 
ever,  the  values  of  the  depth  z^  (  =  H)  which  are  calciilated  simultan¬ 
eously  with  Vj_  are  left  in  this  method  outside  the  averaging  operation  j 
the  possibility  of  compiling  generalized  dependences  of  and  z ^  is 
not  used.  'This  represents  a  certain  shortcoming  in  this  method  of 
generalization  as  compared  with  the  preceding  one  (for  the  case  of 

V  (z) }.  Mother  shortcoming  is  the  impossibility  of  obtaining  in.  this 

manner  information  on  the  layer  velocities,  which  describe  better  the 
physical  properties  of  the  rocks,  than  the  average  velocities,  which 
have  a  rather  formal  meaning,  therefore,  using  this  method,  it  is  best 
to  represent  the  data  also  by  the  first  method.  Here,  possibly,  it 
will  become  necessary  to  compile  different  velocity  columns  for  dif¬ 
ferent  sections,  taking  into  account  the  features  of  their  geological 
structure.  „ 

In  the  compilation  of  many  individual  determinations  of  V  and.  H 
on  the  profile,  the  results  may  be  represented  in  the  form  of  a  graph 
plotted  in  coordinates  x  and  a,  where  the  function  V  (x,  z)  is  re¬ 
presented  by  its  isolines.  On.  this  graph  it  is  possible  to  perform, 
the  operations  of  averaging,  and  on  the  basis  of  the  average  graph  of 

V  (x,  s )  it  is  possible  to  plot  the  graph  of  distribution  of  the  layer 

of  velocities  V  (x,  z )  on  the  corresponding  cross  section..  A  more 
complicated  maimer  is  the  graphic  representation  of  the  behavior  of  V 
over  the  area  with  allowance  for  the  variation  of  this  quantity  with 
depth,  i . e . ,  the  representation  of  the  function  ¥  z);  it 

Would  require  a  series  of  graphs.  In  this  case  one  could  also  carry 
out  the  averaging  and  plot^the  graphs  that  represent  the  betaaviorof 
the  layer  velocities  V  (  Zj/Ti  ,  z)  in  the  space.  However,  usually  the 
factual  material  is  insufficiently  abundant  for  so  great  a  detailing 
of  the  velocity  structure  of  the  medium.  In  this  connection,  it  be¬ 
comes  necessary  in  practice,  as  a  rule,  to  restrict  oneself  only  to 
the  two  foregoing  simple  schemes  of  averaging  and,  generalisation  of  the 
data  on  the  ve.loci.ties  in  the  covering  medium.  From  these  one  chooses, 
as  the  basic  material,  the  one  that  best  satisfies  the  local  conditions, 
which  in  turn  can  be  used  for  its  supplementation  as  the  factual  ma¬ 
terial  is  accumulated. 

Construction  of  Sections  by  Approximate  Methods 

X in.  the  method  of  refracted  waves  (CMKW)  the  construction  of 
seismic  sections  consists,  firstly,  of  determining  the  depths  and  the 
relief  of  the  refracting  boundaries,  and  secondly  of  determining  the 
boundary  velocities  ¥>, . 

'When  using  the  principal  assumptions  adapted  in  the  CMKW ,  of 
the  principal  methods  of  the  construction  of  sections  by  longitudinal 
profiles  —  “the  method  of  difference  holograph”  and,  "the  method"  — 
one  determines  first  the  boundary  velocities  and  this  is  followed 
by  the  construction  of  the  corresponding  boundary. 
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ate  boundary  velocity  can  be  determined  either  on  the  basis 
of  opposing  hodographs  or  on  the  basis  of  overtaking  hodographs*  Sie 
boundary  can  be  constructed  os  the  basis  of  either  .the  ©see  opposing 
hodogr&phs ,  or  on  the  basis  of  hodographs  directed  to  ore  side  (indivi** 
dead,  or  overtaking}*  The  use  of  opposing  hodo  graphs  for  the  &ei;ermna~ 
tion  of  \  and  for  the  plotting  of  the  relief  of  the  houndsry  yields, 
as  a  rule,*  more  reliable  results  than  the  use  of  holographs  in  only 
one  direction* 

average  velocity  V  la  the  covering  medium  is  assumed  to  he 
Known;  the  methods  of  its  determination  are  described  in  the  preceding 
section,  '  She  values  of  V  are  used  in  the  approximate  method  only  for 
the  construction  of  the  boundary,  and.  not  for  the  determination  of  the 
boundary  velocities  Yv* 

Determination  of  the  boundary  velocity  ¥k  by  the  method  of,  .dif¬ 
ferent  ■hodo^,aphi“*  *  use  "of  tMsTapproxi^te  method  is  limited  by 
the  requirement  that  the  angles  of  inclination  of  the  retracting 
boundary  be  not  too  large,  that  the  deviations  of  its  shape  freest  a 
plane  not  to  be  great,  and  that  the  velocities  in  the  covering  medium 
and  the  boundary  velocity  along  the  profile  not  be  too  strong  and 
frequent . 

a)  Case  of  opposing  hodographs*  The  branches  of  these  ho&o- 
graphs  should  intersect  each  other  mutually  at  e*  certain  section  of 
the  profile.  ■  ^  — > 

Assume  that  there  are  available  opposing  bodographs  t  (x)  and 
t,  (x)  of  refracted  waves,  corresponding  to  one  and  the  same  boundary  R* 
let  us  assume  initially  that  the  'branches  of  these  holographs  overlap 
over  the  satire  section  of  the  profile  between  the  corresponding 
points  of  explosion  Ox  and  0g  (Pig.  75) •  Such  a  complete  overlap  is 
feasible  in  practice ,  if  each  of  the  oppo sing  hodographs  xs  accompsnxe  d 
by  an  overtaking  hodograph,  which  matees  it  possible  to  complete  it  to 
the  corresponding  point  of  explosion.  He  shall  see  later  on  that  c«« 
ulete  overlat*  is  not  always  necessary;  nor  is  it  always  necessary 
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^  of  difference  holograph  for  the  determination  of 

boundary  velocities  on  the  basis  of  holographs  with  overlapping 
branches  was  proposed  by  G.A*  Gamburtsev;  this  method  can  be  general* 
issed  to  include  also  the  case  of  overtaking  holographs. 


According  to  (12)  the  difference  holograph  is  constructed  on  the  “basis 
of  specified  hectographs  Jc  (x)  and\  (x)  in  the  following  manner  (Fig,  76). 
For  any  point  M  of  the  profile  with  coordinate  we  measure  the  sec- 
tion  31“  -  t  from  one  of  the  holographs'!  (x)  to  the  ^horizontal  line 
EC,  which  joins  mutual  points,  and  plot  it  upward  he  -•  Et  from  the 
second  hodograph  t"  (x).  We  obtain  the  corresponding  point  c  of  the  dif¬ 
ference  holograph „ 

Another  method  of  construction,  frequently  used  in  practice,  con¬ 
sists  of  measuring  the  sections  along  the  time  axis  between  the  opposite 
holographs  and  of  plotting  these  sections  as  ordinates  of  the  "dif¬ 
ference  holograph"  from  the  abscissa  sxis  —  the  profile  line.  In  this 
version  of  construction  one  determines,  strictly  speaking,  only  the 
slope  of  the  curve  of  the  difference  hodograph  (x)  (formula  (li)), 
but  not  its  position  along  the  time  axis*  However,  in  view  of  the 
fact  that  the  boundary  velocity  V-D  is  calculated  precisely  from  the 
slope  of  the  curve  tf?  (x)  (see  below),  this  method  of  construction  in 
the  case  of  overlapping  opposing  holographs  accomplishes  its  purposes. 

The  advantage  of  this  method  lies  in  the  fact  that  there  is  no  need 
in  its  application  for  the  knowledge  of  time  T  in  the  mutual  points. 


Fig.  76.  Determination  of  the  boundary  velocity  by  the  method  of 
difference  hodograph  t(j_  (x). 
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The  start  of  the  difference  holograph  td  (x)  vrf.ll  be  arbitrarily 
ae  tioirit  A,  where  it  intersects  the  line  tQ  (x). 


coiis x&ereci  to  be  tn 
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slotted  downward  ab  »  t  >  from  the  second  noaograph 
bis  it  is  forced  that  the  holograph  t"  <  x ;  represent*-- 
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[erence  hodograph  t  (x)  vith  an  origin  at 
'.or .responding  point'  of  explosion.  ,  .  N 

We  note  furthermore  that  the  difference  hodograpn  td  lx)  v.ta^ 
origin  at  the  point  A  (Fig.  ?6)  intersects  the  line  hC,  vra.cn  Joins 
at  the  point  G,  which  lies  on  the  same  vertical,  as 


mutual  intersection  of  the  opposite  holographs 


the  point  F  of  the 

1-Tv)  aaeft  (x).  ,  .  , 

We  shall  show  now  that  the  boundary  velocity  v-0  is  approximauexj 
Vv.r.;al  to  "twice  the  apparent  velocity  Vd,  determined  cy  the  difference^ 
}ior;o<;ra-oh.  if  t ‘an  angle  f  of  the  inclination  of  the  ooxn&ary  is  sxcali. 
The  difference  hodograph  permits  thereby  to  determine  reaaxly  vue 

co--jidary  velocity  V-D.  .  „l4. 

For  the  proof,  let  us  differentiate  the  Eq*  witn  respec ^ 
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,er...V!.o  of  this  equation  are  ^spectlyexy 


eaual  to  the  reciprocal* 
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apparent  velocities  V)  and  in  thg  p.ilxerence  (x>, 
audiograph  Tf^x),  and  reverse  hodograph \  \x}.  Tnese  velocities 

t.j'n  eooaX  to 
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(See  Fig.  76,  and  also  /lb,  62 J.  Inserting  (lb)  into  (13)  and  consid¬ 
ering  that 


we  obtain 


yis 


l 


s;n  U  +  9) 
V 


sin  (1  —  9) 

~~V 


lisin  i-  cos  9  2<‘os<p 

~~r  “  ~W 


and  we  next  obtain  a  formula  for  the  boundary  velocity 


&C'*' 


(15) 


This  formula  is  correct  for  any  value  of  if  and  gives  the  exact  result 
for  the  point  x  of  the  profile,  if  within  the  limits  of  the  triangle 
PQM  (Fig.  76)  tae  quantities  V,  V>0  and  Cf  are  constant,  i.e.,  in  par¬ 
ticular,  if  on  the  section  PQ  the  boundary  is  plane .  However,  it  cannot 
be  used  directly,  since  the  angle  <f  is  not  known  beforehand.  *  If  It 
is  known  nevertheless  that  this  angle  is  small,  then  cos  f  1,  and 
ve  obtain  finally  the  approximate  computation  formula 

1 

l/h  >  Ki  (16) 


for  small  cf  ,  which  no  longer  contains  unknown  quantities  in  the 
right  half.  When  <f ~  10°  Eq.  (16)  gives  a  relative  error  of  1.5$  in 
the  determination  of  Vb,  at  '/=  156  the  error  is  3*5$  and  at  <f  --  20° 

X  o  J.  S  0$  • 

Thus,  with  this  methof  of  "difference  hodograph"  it  is  possible 
to  determine  quite  accurately  the  value  of  V,  without  knowing  the 
value  of  V  in  the  covering  medium  and  without  knowing  the  value  of  the 
angle  <f  of  inclination  of  the  refracting  boundary,  provided  this  angle 
is  not  too  large,  and  does  not  exceed  tentatively  15° 

Let  us  note  certain  singularities  of  this  method. 


*  This  difficulty  1ms  no  principal  character.  Knowing  the 
velocities  V- and  Tin  the  opposing  holographs,  and  also  the  velocity 
V  in  the  covering  medium,  it  is  possible  to  determine  the  angles  i 
and  f  from  the  well  known  exact  formula  (see,  for  example ,  /lb,  627) : 
sin  (i  -  f  )  V/^7  sin  (i  +  <?  )  V/V7  and  to  find  =  V/sin  i.  These 

formulas  are  correct  provided  all  quantities  are  constant,  particular¬ 
ly  if  f  ~  const  —  the  boundary  is  plane. 
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We  emphasise  above  all  that  the  requirement  that  the  boundary  he 
plane  pertains,  for  each  point  of  the  profile *  only  to  the  corres¬ 
ponding  section  pq  of  the  boundary  ft  (fig*  ?6).  la  view  of  this  it  is 
enough  to  stipulate  that  the  boundary  differ  little  from  a  plane  only 
over  the  extent  of  similar  relatively  small  sections,  (of  length  on  the 
order  of  the  depth  of  the  boundary),  and  &e  &  Whole  the  boundary  can 
be  substantially  not  plane.  Here  it  is  assumed  that  the  rays  of  the 
waves  propagating  with  the  velocity  glide  along  the  boundary,  and 
do  not  penetrate  within  the  under lying  layer* 

Furthermore,  the'  value  of  the  boundary  velocity,  corresponding 
to  the  point  Xgg  of  the  profile,  as  obtained  by  formula  (l6)  also  per¬ 
tains  to  this  section  F-Q,  It  follows  therefore  that  the  practical 
boundary  velocity  ¥b  my  be,  generally  speaking,  variable,  but  within 
the  lengths  of  the  sections  similar  to  FQ,  its  changes  should  not  be 

Calculations  show  furthermore  that  the  requirement  V  *»  const 
may  be  violated  within  certain  limits  without  essentially  affecting  the 
values  of  %  determined  by  this  method*  *  The  method  remains  ap¬ 
plicable  in  practice  in  cases  when  the  average  velocities  depend  on 
the  depth,  V  {%)  and  on.  the  horizontal  coordinates  ¥  (x). 

Finally,  an  Important  property  of  this  method  Is  that  it  is 
almost  entirely  insensitive  to  inhomogeneiiies  and  to  other  peculiar¬ 
ities  in  the  structure  of  the  medium,  pertaining  to  the  uppermost  por¬ 
tion  of  the  section  —  to  the  zone  of  small  velocities,  to  the  topo¬ 
graphic  relief,  and  to  the  conditions  of  installation  of  the  seismo¬ 
graphs,  When  the  difference  holograph  is  plotted,  the  local  devia¬ 
tions  of  the  points  of  opposing  hodograptos,  due  to  these  peculiar¬ 
ities,  cancel  each  other  out*  The  form  of  the  difference  holograph  is 
found  to  be  free  of  the  influence  of  these  peculiarities,  and  the  spread 
in  the  points  on  the  ho&ogr&ph  is  less  than  on  each  of  the  opposing 
holograph  individually. 

let  us  proceed  to  not©  of  more  particular  character.  If  the 
opposing  holographs  are  not  accompanied  by  overtaking  bodographs  and 
do  not;  overlap  over  the  entire  section  cf  the  profile  between  the  cor¬ 
responding  points  of .the  explosion  0^  and  Og,  but  only  on  a  part  of 
it,  but  the  tisae  T  at  the  mutual  points,  and  consequently  also  the 


tosi.t3.ori  o 


f  the  line  SC,  is  known,  then  the  construction  of  the  dif 


foresee  hodograph  td  (x)  with  origin  at  the  point  A  -does  not  differ 
f 
t 

breaches 


from  that  described  above.  Pier®  the  holograph  (x)  will  be  ob¬ 
tained,  naturally,  only  on  that  section  of  the  profile,  where  the 
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A  of 


the  opposing  holographs  overlap  and  will  not  reach  the 
.ts  origin. 


*  A  slight  dependence  of  the  calculated  values  of  ¥v.  on  V,  both 
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*»  1. 


2,  3, 


...,)  and  for  V  f*  const,  is  in¬ 


herent  not  only  in  this  approximate  method,  but  also  in  other  more  ac¬ 
curate  methods  of  calculation. 


If,  furthermore,  the  time  T  and  therefore  also  the  position  of 
the  line  EC,  Is  unknown,  the  section  analogous  to  de  on  Fig.  76  can  he 
measured  from  any  line  parallel  to  the  x  axis.  Sometimes  it  is  logi¬ 
cal  to  do  so  also  in  other  cases.  The  difference  holograph  will  then 
he  found  to  he  generally  shifted  along  the  t  axis,  and  its  origin  will 
he  transferred  from  the  point  A  to  another  'point,  namely  to  that  point, 
where  it  intersects  the  line  tQ  (x).  The  position  of  this  p3int 
also  remain  unknown.  The  slope  of  the  difference  holograph  does  not 
change  with  such  a  transfer,  and  consequently  this  is  not  reflected  in 
the  method  of  determining  the  boundary  velocity  from  this  holograph. 

The  difference  holograph  is  constructed  for  the  most  part  by 
points,  which  are  practically  plotted  usually  less  densely  than  the 
points  corresponding  to  the  locations  of  the  seismographs  on  the  'pro¬ 
file .  To  determine  the  boundary  velocities  \  Cl  3,  %  the  aggregate  of 
the  points  of  the  difference  holograph  is  unified  with  averaging  within 
the  limits  of  the  permissible  “spread"  of  the  points^ by  drawing  either 
one  straight  line,  common  to  the  entire  process  section  of  the  pro¬ 
file,  or  by  a  broken  line,  preferably  with  a  small  number  of  breaks. 

The  straight  line  sections  of  this  line  separate  the  sections 
of  the  profiles  and  respectively  the  boundaries  where  the  boundary 
velocity  V-n  is  considered  constant.  Gonseq.uen.tly  the  dependence  Yb 
on  the  place  on  the  profile,  Yb  -  Yt  (x),  is  represented  in  the  form 

of  a  pice evi se-constant  function. 

This  method  of  processing  the  observations  can  be  used,  m  par¬ 
ticular,  in  seismic  mapping  of  rocks,  which  are  located,  directly  below 
the  surface  of  the  refracting  boundary. 


b)  Case  of  overtaking  holographs.  let  us  show  that  two  over¬ 
taking  hoio  gr  'WTxTiFig .  ?6),  extended  to  the  corres¬ 

ponding  explosion,  points  0-  and  Og,  suffice  for  an  approximate  deter¬ 
mination  of  the  boundary  velocity  Vb  under  the  assumption  that  this 
velocity  is  constant  on  the  section  of  the  profile  Detween  the  explosion 
points  0, ,  Oo»  The  approximateness  is  due  as  before  to  the  principal 
requirement  Ih&t  the  angles  lf}  of  the  inclination  of  the  refracting 


boundary  be  small*  , , 

let  us  turn j&gain  to  Fig.  7 6,  where  ve  shall  now  consider  the 
opposing  hodp graph  t  (g)  to  be  missings  all  that  are  given  are  t  e 

hodographs  t'  (x)  and  tX  (x).  .  .  . 

Tn  the  case  of  a  constant  boundary  velocity  the  difference  hodo- 
graph  t,-,  (x)  should  represent  a  straight  line.  To  determine  it  it  is 
enough  to  have  two  points.  The  first  point,  lying  in  the  diffemvce 
holograph,  is  known:  this  is  point  A,  where  the  first  holograph  -  W 
intersects  the  time  axis,  passing  through  the  point  0^  —  the  corres¬ 
ponding  explosion  point.  The  second  point  is  constructed  In  the  follow' 


ing  manner.  _ 

We  measure  the  segment  BC  *=  A  t  on  the  time  axis,  drawn  through 
the  point  0„,  intersected  by  the  specified  holographs  \x) 
and  measure  it  upward  from  the  holograph  t  (x);  C2  t.  The  point 
B  is  the  sought  one. 


Actually,  It  was  shorn  earlier  that  the 
line  that  bisects  all  the  ^lcf  pSt  i!°  This 

and  the  difference  hodoeraph  tj  (x)  l^e  town  through 

STo ^ f  Airt  Terence 
^  ^ofmT^ts  A S  r^ln- 

the  difference  bodograph,  the  bounflary  velocity  \. 

<“  "  TSTJ^I  ^ion  dSlrSSng  the  boundary  veiocit!  %  hy 
the  method L  of  difference  hotograph,  with not^lStted 
■¥W  and  tf  (x)  and  an  opposing ■.***»#£.  SionTof  the  points 

completely,  but  only  ehjmoh  sect^o  ,  such  cases  in  prac- 

•a  p  jayici  y  are  determined  (Fig.  7»}«  ®fte  eaco  .  «-p 

tice.^Eet  tee  branches  of  the  opposite  holographs  on  the  sectious  » 
££ VTSich  are  adjacent  to  their  points  of  explosion  Oj.  ana  op,  are 

this  case  we  readily  find  from  the  opposing  r 

point  G  of  the  difference  hotograg,  too  CTerteKlng  v^an- 

of  their  intersection.  Oa  the  ®  ^  .  difference  hodograph. 

rS'aSeir^  £S3  2-aSSif^  — “  - 

ing  holographs,  as  in  the  case  of  opposing  hoSographa,  .he  approbate 
ness  of  the  method  lies  in  the  formula  (!*>) 

//  »*.  ;£  /a 

is  approadm&tely  correct  only  f°L  Sl^Sy  TiT  thJ  ^ 

boundary,  hut  has  no  ihJfty  knowing  the  apparent 

covering  medium  is  assumed,  fco  kn  >  wloeitv  ¥o  fro®  the  dif- 
velocity  V  from  the  ^gra^  t  (x)  ^  t^ve!  -  exact  for. 

ference  holograph,  it  is  Possible  to  toerfia t 
wlaa,  which  are  correct  for  any  value  of  f  . 

In  fact,  according  to  (15)  «&d  lo)  we  ha/e 


p _ 


hence 


^  /O-tSS--  ,  't"  0<-»^  A 
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On  the  other  hand,  it  is  known,  /it/'  that 

,  .  ,  .  l7 

(  c  •+/■ )  --  *~r 


Subtracting  this  equality  from  the  preceding  one,  we  get 


.  '.'Jt- )v  ( ci ) 


avis  system-,  of  Efts*  (17)  and  (l8)  makes  it  possible  to  deter  - 
mine  readily  the  angles  i  and.  /  ,  and  then  the  boundary  velocity  V-D 
can  be  obtained  from  the  known  formula 


..-■J-t-n  A.-' 


Formulas  (17)  and  (l8)  and  (19)  give  the  exact  solution  of  the 
problem:  determine  V.  by  means  of  overtaking  hodograjshs  of  refracted 
waves,  using  the  known  values  of  the  velocities  V,  V?  and  inde- 
pendent  of  the  value  of  the  angle  </•'  .  ‘These  formulas  are  valid  pro¬ 
vided  all  the  quantities  are  constant,  particularly  <{  -  const  «•-  the 
boundary  is  plane  (see  remark  on  p.  136  jot  source/). 

■The  foregoing  method  of  determining  the  boundary  velocity  by 
means  of  the  difference  hectograph.  plotted  on  the  basis  of  overtaking 
holographs ,•  differs  substantially  from  the  case  of  opposite  hodographs 
in  the  fact  that,  in  the  case  of  opposite  hodographs  the  velocity  on 
the  section  of  the  profile,  where  their  branches  overlap  mutually,  can 
be  determined  as  a  variable  quantity  =  V&  (x),  whereas  in  the  case 
of  overtaking  hodographs  on  the  entire  section  between  the  two  points, 
over  which  the  difference  hodograph  is  constructed,  one  determines 
only  one ,  average  value  of  this  quantity  V-^  =  const,  This  naturally 
narrows  considerably  the  capabilities  of  the  application  of  this 
method  for  a  detailed  investigation  of  the  properties  of  the  refract¬ 
ing  layers  (mapping,  etc.). 

Another  shortcoming  of  this  method  is  that  in  the  case  of  over- 
talcing  hodographs,  which  do  not-  represent  a  complete  correlated 
system  (Chapter  III,  Section  3),  it  is  difficult  to  Identify  the  phase 
of  the  waves  obtained  at  different  explosion  points.  This  can  lead  to 
errors  in  the  determination  of  the  differences  of  the  times,  used  in 
the  given  method  for  the  construction  of  the  difference  hodograph,  and 
corresponding  to  the  errors  in  the  determination  of  She  relative 

error  b  in  the  determination  of  V^,  due  to  an  error  /x  t  in  the  time 
when  the  ■chases  are  identified  by  the  overtaking  hodographs  t-i  (x)  and 
tp  !x;,  is  equal  to 
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where  L  Is  the  distance  between  the  points  of  explosion  %  and  <fe. 

©aus,  if  \  *  k  to/  see  and  L  -  2  to,  an  err  or  At  of  approsiasately 
one  period  of  oscillations  on  the  seismogram  is  possible,  its  /al  ~ 
■hMj,-  At,  0  «  0.03  see,  we  obtain  for  a  possible  relative  error 
c  Y.  e*  yb/*~lxi  the  case  of  opposing  hodographs,  errors  of  this  bind 
are  Excluded,  even'  if  these  holographs  are  not  reconciled  in  !*»«»• 

'the  detersdnations  of  boundary  velocities  \  fey  overtak¬ 
ing  feodogr&pha  are  less  detailed  m&  less  reliable  than  those  vita  op¬ 
posing  holographs  with  overlapping  branches.  ,  . 

Nevertheless,  the  use  of  overtaking  holographs  for  the  d-t -r* 

miaation  of  \  my  fee  of  interest,  particularly  under  the 

naisaanee  projecting  at  relatively  small  depths  in  collection  with  the 
fact  that  the  acquisition  of  the  systems  of  overtaking  hoongraphs 
necessary  for  continuous  tracing  of  the  boundary  requires  a  leaser 
volume  of  work  than  the  production  of  a  system  of  summary  opposing 

^  ^p» 

Concluding  the  eanmination  of  the  method  of  determination,  oj. 
boundary  velocities  ¥  with  the  aid  of  the  construction  of  eixlerence 
holographs  as  being  approximate  methods,  which  do  not  require  _  _ 
knowledge  of  t ha  velocities  V  in  the  covering  medium,  we  note  that 
both  in  the  case  of  opposing  and  in  the  case  of  overtaking  , 

of  refracted  waves,  an  approximate  determination  of  \  is  pos^ibl^ 
variable  velocities  4,  ¥  *  V  (s),  V  (x)  etc. .  and  fuso  for  %  cur/^d 
form  of  boundary;  in  this  case  the  overtaking  holographs  make  it  Sjj 
sible  to  determine  only  the  average  value  of  \  on  the  section  oi  ^ 
profile  between  the  points  of  explosion.  She  region  of  possible  ap¬ 
plication  of  this  method  is  limited  in  practice  to  the 

requirement  that  the  boundary  not  be  too  curved  am  th~v  its  s^ope 
angles  not  be  too  large;  also  Important  is  that  the  variation  of  % 
along  the  profile  not  be  too  large  and  too  frequent.  Toe se  condi¬ 
tions  are  not  satisfied,  and  also  for  the  purpose  of  monf  J°^ing  ^ 
results  of  the  calculation  of  %  by  these  approximate  methods, .one 
resorts  to  a  determination  of  Vb  by  the  exact  method  of  time 

Construction  of  the  refracting  V,  ^ 


Cons' truetioa  ox  *r,ae  rex  tsxu&  /rj.7* 

me  to  SefeEod  is  one^SSnorebo  method  of  means  fej. 

By  this  method  the  refTacalng  boundary  is  constructed,  on  the  basis  o. 
specified  hodograpks,  when  the  velocity  ¥  in  the  covering  medium  e*& 
boundary  velocity  \  are  determined  beforehand.  For  the  construction 
of  the  boundary  use  is  made  of  curves  t«  (x)  the  times  on  t m  ex- 
plosion  point8*  for  the  holographs  of  refracted  waves. 


a)  Determination  of  the  (a;)  lines*  ^  tp  (*)  c^rve®  are 
determined  either  by  opposing  heto^ai^s  with  mutually  overlapping 
branches,  or  by  hodograpfas  without  opposing  overlaps  —  individual, 

She  method  of  plotting  the  tQ  (x)  curves  in  the  case  of  op¬ 
posing  bodograph s  (within  the  limits  of  the  region  ox  mutuai  overlap 
of  the  branches)  ms  described  above  (p.  134  /of  source/).  Here  .  ‘J  " 
aider  the  opposite  case,  in  this  case  in  order  to  constiact  the  lines 
t0  (x)  we  assume  two  curves  to  be  specified:  the  aodo&yh  t  (x )  ^ 
it  subject  to  interpretation  —  simple  or  summary  —  and  the  difference 

tie  interpreted  single  hodograph  iF^x )  represents  that  por¬ 
tion  of  one  of  opposing  holographs,  which  could  not  be  interpreted  pre¬ 
viously  in  view  of  the  lack  of  overlap  by  another  opposing  hodograph, 
then  the  difference  ho^graph  tA  (x)  in  the  region  under  consideration 
can  be  obtained  by  extrapolation,  by  extension  along  the  line  of  ai 
ference  hodogr&phs,  constructed  on  the  neighboring 
file  on  the  basis  of  the  overlapping  branches  of 


of  opposing  holographs,  we  shall  assume  first  that  the  point  A,  whe„e 

its  continuation  intersects  the  time  axis  (Fig.  76),  ^ 

inasmuch  as  the  velocity  V-D,  by  assumption  is  kcorn,  the 

holograph  td  (x)  is  drawn  in  the  form  of  a  straight  line  pass  ig  -  ^ 

the  point  A  with  a  slope  calculated  by  the  formula  Yd  “  \f2*  f  ,  fche 

case  of  a  aeries  of  overtaking  holographs  the  difference  hodograph. 

tj  (x)  is  plotted  as  indicated  In  p*  138  Z°~  B^VXC~J  •  .  . 

Hie  method  of  deteodning  the  lines  tQ  (x)  in  the  cas-  shown  i 
Pig.  7 6  a,  follows  from  the  pr^ouslyestablisl^  relation  between 
the  curves  t0  (x),  %  (x),  andV(x):  The  curve  ^  (x)  bisects  th. 
vertical  segments  between  the  curves  tQ  (x)  and  %  W  \r*S*  f  * 

^  ’^In  view  of  this,  the_£onstruction  of  the  line  t  (x)  by  TTf 

...  _  .  „  ’  ,  'rv/.u  ( _ >  _  ta  ixt  !  re¬ 


duces  tc-  the.  r allowing:  iar  T  '  ~ 

measure  a  segment  of  the  time  axis  be  *kt  oetween  hodographs  t  ix; 
and  t,  (x),  and.  draw  it  downward  from  the  specified  hodograph  w  Jxk 
Sf.  tt.  As  a  resalt  ve  oWaln  the  potot  A  on  the 
Doing-  this  for  a  series  of  points  on  the  profile,  we  plot  the  entire 

CUr>e  t&is^rSencanJbe0£.so  readily  derived  from  m  exsadnatlon  of  the 
Eqa.  (5)  and  (il),  of  the  lines  tQ  (x)  and  the  difference  holograph 
%  wi  -*  ^  % 


(  x.)  =  #  <■ 


,fd  C*> 


/Cx) 
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Eos.  (S'!  and  (ll )  contain  four  functions :  t'  (x)>  t  (x),  tQ  W# 
and  t-  fxi,  to  which  four  curves  correspond  on  Fig.  7o.  X1  any  two 

specified,  or  any  two  curves,  then  the  two  remaining  ones 

can  he  obtained  by  solving  the  system  of  Eos.  (5)  and  Kllj  or  oy  means 

of  a  suitable  graphic  construction.  . 

In  view  of  the  fact  that  in  our  case  the  r^grse  nou.ogi*j?u  t 
is  assumed  to  be  missing,  we  exclude  the  function  t  ix;  lros  tn..s 
system  of  equations.  By  adding  (>}  and  (ll)  we  obtain 


C  i  '»>  t  t  (■  *> 


A  A  t 


>roa  which  we  find  the  relation  of  interest  to  us 

f.  i"  -q)  —  r’C  C.;  •••*  f  ft  i 


n  a  different  form 


n  f  ,.r  (  .*)  -  l'h-r.)  ; 


F.-rajia  (21 ^  indeed  corresponds  to  the  foregoing  graphic  construction. 

. . in  formulae  <5),  (H>  and  (21),  and  also  in  the  graphic  consvrac 

-Mon  (Fig.  7b  a)  it  was  assumed  that  the  origin  ox  uiie  diAxeien^c  h o«,o 
gji-aph  t  ~(x)  is  at  the  point  A,  determined  by  the  time  tQ  W  ontae 
erolosion  point  0.  Through  this  point  passes  the  extended  huu^Apu 


r  s’  >  5 

.  h  (x) 


\  ; 

\l  1 5/ 


Fig.  76  a.  Determination  of  the  line  t0  (x)  on  the  basis  of  a 


an  xnaxvi.* 


dual  noaograpa 


•\x)  and  a  difference  holograph  td  \xj. 


If  tlie  position  of  the  joint  A  is  unknown  (the  hodo graph  t  (x) 
and  the  line  tA  (x)  do  not  reach  the.  explosion  point  0  and  the  difference 
uodo, graph  t ,  (x)  has  its  origin  at  some  other  point),  out  at  least  one 
point  B  on  She  curve  te(x)  is  ho®,  within  that  _  interval  ox  the  pro- 
+.vi*  and  t-  (x)  have  been  detemined,  then  this 


file  where  the  curvesiTlx)  and  te  (x)  have  teen  detessmieet,  TT* 
point  B  can  he  used  instead  of  the point  A  as  the  origin  for  a.uu  vte 
constructions.  She  given  curves  v(x)  and  t*  (x)  are  drat®  through 
the  point  £  by  parallel  transfer  along  the  tike  axis,  and  teen  an 
the  constructions  are  carried  out  in  complete  analogy  with  -he  preced- 

'  finally,  if  not  a  single  point  on  the  curve  tQ  (x)  -is  known^and 
the  position  of  the  difference  hodograph  along  the  t  axis  is  not  t xxed, 
then  the  foregoing  constructions  will  lead  to  a  certain  Hue,  wnich  re¬ 
presents  the  shape  of  the  sought  line  tQ  (x),  "but  shifted  with  resect 
to  it  by  a  certain  unknown  interval  along  the  t  axis »  Taxu  makes  xu 
possible  later  on  to  determine  the  relief  of  the  refracting  boundary 
assuming  the  velocity  V  in  the  covering  layer  to  be  independent  oi 
the  depth  —  but  does  not  wake  it  impossible  to  determine  the  absolute 

depth  of  this  boundary.  ~ 

Concluding  the  examination  of  the  methods  of  cons -rue exon  cu 

the  curves  tA  (x),  we  note  that  the  construction  of  these  curves  by 
means  of  hodographs  directed  in  one  and  the  same  direction  is  less 
reliable  than  the  use  of  opposing  holographs  with  overlapping  branches 

1lq%1  “bfctjLs  puxpos© » 

la  fact,  in  the  case  when  holographs  of  only  one  direction^  are 
used  in  a  given  segment,  the  resultant  general  slope  of  the  Ixne  V  W 
depends  greatly  on  the  slope  of  the  difference  hodograph  t,  lx),_vnlch 
was  plotted  beforehand.  But  in  the  absence  of  a  profile  of  overlapping 
opposing  holographs  on  this  segment,  the  very  line  t4  (x^ itself  aus« 
be  drawn  either  by  extrapolation,  or  on  the  basis  ox  over making  hud-  - 
graphs,  which  is  less  reliable  than  with  opposing  hodographs.  Tais,  is 
also  the  cause  of  the  lesser  reliability  of  the  construction  of  -he 
curves  tA  (x)  by  means  of  single-sided  ho&ographs . 

test  frequently  one  obtain®  in  the  central  portion  ol  tee  pro¬ 
file  overlapping  opposing  hodographs,  and  on  the  ends,  when  one  o 
the  opposing  branches  is  terminated, -  there  remains  single  K attunes,  xn 
accordance  with  this,  the  lines  tp  (x),  and  later  on  also  the  sections, 
%tUl  be  characterised  at  different  parts  of  the  profile  by 
degree  of  reliability.  Tala  oust  be  noted  on  the  drawings,  by  using 
different  types  of  lines  (heavy,  thin,  dotted,). 

b)  Construction  of  the  boundary.  The  refracting  boundary  is 
constructed  on  lit®  basis  of  the  known,  lines  t0  *  t0  {x)  and  the  values 
of  the  following  velocities:  V  in  the  covering  medium  and  —  the 

boundary  velocity.  •  ,  ,  ..  ~ 

The  calculation  of  the  depth  S  of  the  refracting  boundary  xo* 

each,  point  of  the  profile  is  carried  out,  according  to  U),  by  means  of 
the  formula 


l$h 


Fig.  77.  Construction  of  the  refracting  boundary  in  the  case  when  the 
velocity  V  in  the  covering  medium  depends  on  the  depth  a  «  H*  For 
the  graphic  determination  of  the  point  B  of  the  refracting  boundary, 
which  corresponds  to  the  point  A  of  the  curve  t^  (x),  the  nomogram 
shown  in  Fig.  k  is  provided  with  a  straight  line  OB;  this  may  be  the 
side  of  a  triangle,  to  which  is  glued  the  nomogram  drawn  on  tracing 
paper . 


(22) 


where  sin  i  «  V/Vfc.  The  formula  (22)  determines,  strictly  speaking, 
the  depth  along  the  normal  to  the  refracting  boundary .  In  order  to 
go  in  the  construction  of  the  section  from  depths  by  normals  to  depths 
by  verticals,  it  is  possible  to  construct  circles  with  radii  H  and 
centers  at  the  corresponding  points  of  the  profile,  and  then  find  their 
envelope  (see  /lVT") •  However,  at  small  angles  of  f!  of  the  inclination 
of  the  refracting  boundary,  on  which  the  foregoing  approximate  methods 
of  interpretation  are  indeed  based,  such  a  refinement  is  usually  not 
required,  and  it  is  possible  to  assume  that  the  depth  H  is  equal  to 
the  depth  along  the  vertical  (for 

_____  The  values  of  the  velocities  V  and  can  be  either  constant 
(V,  Vb  =  const)  or  variable,  V  (z),  V  (x)  and  Vb  (x).  In  the  determina¬ 
tion  of  the  depth  H  =  Hj_  at  the  point  x  x^  of  the  profile  (i  =  1,  2, 

3,  ...),  in  the  case  of  variable  velocities  one  uses  those  values  which 
correspond  to  the  same  point  on  the  profile. 
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If  the  calculations  of  the  depths  E  are  made  under  the  assump¬ 
tion  that  the  average  velocity  depends  on  the  depth  V  (z)>  then,  the 
StLi  describe  id  P.  126  /&_. ««{7-J  «-  ’g"?'- 

are  used  to  reconcile  to  with  V  and  fl  (*ig*  W*  Ix  tn^s  fr 
section  is  constructed  on  the  «  sheet  of  graph  P&P8^  *~®f« 
lilies  to  (x)  are  dram,  and  the  distance  satis  tor  tne^apc  r-p 
M/sg  oAon  with  that  for  the  section,  then  the  operation  01  uoa-«iu, 
tioa  of  the  section  can  he  carried  out  by  using  the  iproc edurc  imiCu*eu. 

la  H.8-J7*  _  c0Bst>  tt  ls  ^  possible  to  1>W  directly  «•  f H 

fee®  specified  values  of  t0,  hy  preparing  beforehand  a  rule  (mude^ 
folded 'sheet  of  paper),  marked  la  values  of  t0,  carreBjou«-;ng  to  «*- 
finite  depths.  ®he  marking  of  such  &  rule  is  given  wxth  *fce  sic  ox  «*~ 

nemogram  of  Fig* 


5»  Construction  of  Sections  hy  the  Method  of  TUie  fields 

In  the  interpretation  of  hodographs  of  refracted  waves  hy  the 
method  of  time  fields  $%  52,  5#,  the  constructions  ai^e  carried  out 
to  tall  accordance  with  the  principles  of  gemetrio  seimu.  M«, 
unlike  the  situation  when  the  approximate  methods  are  used  r)> 

does  away  with  the  limitations  as  regards  angles  o.  inclinable, 

fthaoes  of  refracting  boundaries  etc. 

^  toe initial  data  in  the  method  of  time  field,  are  the  observed 
b.odo  graph  s  and  velocities  of  propagation  of  tnevaveeln  tneco%crto| 
medium*  With  this,  the  approximate  r^eseatatioiis  ox^e  ^  -  “ 

average  velocities"  (average  velocity  V  variable,  hut  the  rajs  are 
iSSt}  are  dtocsrSed.  tte  M*  0*14*,  «S,  «  necessary,  tne _reye 
are  cL&tnzcted  in  accordance  with  the  assumed  law  of  distributor  of 
xva  ’I  &  of  velocities  V  in  the  medium* 

” '  Unlike  the  approximate  methods  (Section  4),  where  the  ooundary 
velocities  %  were  first  determined  without  allowance  *or  the  velocities 
totoe  covering  medium,  and  then  the  refracting  ?ieWs 

plotted  with  allowance  for  these  velocities,  in  the  ™*Z**ot 
+va  construction  of  the  boundary  precedes  the  determination  o*.  or 

ell  bctfll  aLe  ^.Itetoously,  e«*  two  *«&  compile  »« 

of  the  velocities  in  the  covering  medium. 

toe  practice  of  ©allaying  the  method  of  time  fietos  consists 

of  solving  the  following  particular  problems : 

&)  'toe  construction  of  isochrones  of  fields  of  the  times  of 
arrival  of  the  fronts  of  the  waves  to  different  points  of  space,  i*e*> 
the  determination  of  the  positions  of  the  fronts  of  the  waves  at  dif¬ 
ferent  instants  of  time; 

b)  The  determination  of  the  hodo graphs  of  these  waves  on  inter- 
mediate  refracting  boundaries,  if  such  boundaries  east,  -.«•>  de¬ 
termination  of  the  times  of  arrival  of  each  wave  to  toe  potato  ox  *-*->»« 

boundaries j 


c )  Construction  of  the  sought  infracting  boundary  itself  and  &e- 
teralnation  of  the  boundary  velocity  ¥^,  making  use  of  the  isochrones 
of  the  time  fields  for  different  wanes'  in  the  medium  under  the  last  in¬ 
termediate  refracting  boundary* 

Construction  of  the  time  fields .  ©be  time  fields  for  each  wave 
is  constructed  in  the  section  plane,  starting  out  with  the  .holograph 
of  this  «Ye,  specified  on  a  line  of  the  profile  (observed  holograph), 
or  from  the  ho&ograph  which  is  transferred  to  the.  intermediate  refract¬ 
ing  boundary.  In  the  case  of  assumption  of  a  constant  velocity  'V  in 
the  medium  as  a  whole,  or  else  constant  layer  velocities  «  coast, 
i  a  1,  a,  in  &  stratified  covering  medium,  the  construction  cart  be 
carried  out  with  the  aid  of  a  compass.  In  the  case  of  assumption  of 
variable  velocities  ¥  »  V  (a)  etc.,  ray  diagrams  are  used  for  this 


a)  Case  of  constest  layer  velocities.  The  technique  of  con¬ 
struction  of  the  time  fields  for  "constant  layer  velocities  is  made 
clear  by  the  example  of  Fig.  '{8* 

The  hodogr&ph  t  (x)  of  a  certain  wave  is  specified  on  the  pro¬ 
file  x.  ©je  velocity  in  the  medium  under  the  lines  of  the  profile  is 
equal  to  Vj ,  It  is  required  to  construct,  the  time  fields  for  this 
wave.  For  "this  purpose  we  mark  on  the  profile  lines  the  values  of  the 
times  tg,  tq,  etc.,  which  correspond  to  its  points.  We  draw  on  the 
hectograph  plane  an  auxiliary  line,  corresponding  to  the  velocity  V^. 

Ehe  segments  rg,  ....  from  the  time  axis  to  this  line  are  equal  ’to 
the  paths  passed  by  the  wave  in  the  medium  (V^)  during  the  time  in¬ 
tervals  tj^i  tg,  ... 

We  start  the  construction  of  isochrones  of  the  time  fields,  for 
example,  with  the  isochrone  to,  i.e.,  we  determine  the  location  of  the 
front  of  the  wave  at  the  instant  tq*  Obviously,  the  sought  Isochrone 
passes  through  the  point  (to)  of  the  profile  >:. 

In  order  for  the  same  wave  to  reach  the  point  (t^)  of  the  pro¬ 
file,  it  must  consume  a  time  'interval  t-?Q  -  to  «  %  and  pass  during 
this  time  the  path  t-jV^  »  r^.  Consequently,  the  point  (1«q)  of  the 
profile  x  is  located  at  a,  distance  r-.  from  the  front  of  the  wave  at 
the  instant  tq,  We  draw  a  circle  of  radius  rj  with  its  center  at  the 
point  (t-jQ).  I/he  isochrone  t cj  should  be  tangent  at  some  point  to  this 
circle. 

Analogous  arguments,  advanced  with  respect  to  the  other  points 
of  the  profile  (t^),  &!?)*  .**,  lead  to  the  construction  of  a  series 
of  circles  of  different  radii  rg,  r^,  with  centers  at  these  points. 
She  sought  isochrons  tQ  wUX  be  the"" envelope  of  this  family  of  circles. 

SUhis  construction  represents  essentially  the  application  of  the 
well  known  geometrical  Huygens  principle,  although  in  a  somewhat  un¬ 
usual  fora;  one  reproduces  the  picture  of  the  motion  of  the  front  of 
the  mm  in  space  with  time  t  not  in  the  forward  direction,  but  in  the 
opposite  direction,  in  the  sequence  tc),  t$,  tjT  ... 

©us  construction  does  not  change  in  principle  also  in  the  case 
of  a  normal,  straight  course  of  time,  ©jus,  the  point  (t^)  was  at  the 
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Fig.  78.  Construction  of  isochrones  of  the  time  fields  on  tne  has  s 
of  a  specified  holograph  t  (x)  in  the  case  of  a  constant  layer  . 

ity  V-, , 


instant  t„  already  traversed  iy  the  wave,  and  were  the  vjl°=»y  i” 
medinn  ovir  the  line  x  to  remit  V  ,  then  the  front  °*  “l?6 

instant  tQ  would  occupy,  in  accordance  to  this  construction,  the  pos 
it ion  indicated  on  the  diagram  near  this  point. 

Thus,  the  isochrone  tQ  has  teen  plotted,  u&e  plotting  o 
r?nc?  isochrones  tft.  1 7/...  can  he  carried  out  either  analogous 


remaining  isochrones  t8>  can  he  carried  out  either 

or  simpler,  as  follows:  the  obtained  isochrone  tCj  as  takm  t>o  he  w 
"reference";  the  centers  of  the  circles  of  equal  fadii  r3^'e,  Jlaced 
on  it  and  one  constructs,  as  shown  in  the  diagram  \Fig.  Jo ) ,  tne 

...  .  1  "t  _  _ _  n  Xt.  a  4 


Then  the  radius  r«  is  taken  and  the  isochrone  tn 
Thus  the  entire  time  field  is  plotted  in  the 


xs 

region 


isochrone  tg< 
constructed ,  etc . 
where  the  velocity  is  V.. .  , ,  . 

Tne  part  of  the  space  where  the  time  fields  corresponding 
the  holograph  t  (x)  can  he  determined  is  hounded  by  t^  sxtreme  rays  - 
rays  orthogonal  to  the  isochrones  —  as  shown  on  the  diagram  „ 

dotted  ^*ctice  the  described  above  of  the  construction  of 

the  isochrones  with  the  aid  of  a  compass  can  he  replaced  by  *ne  useo 
templates ,  on  which  are  drawn  mutually  parallel  lines,  corresponding  o 
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tiie  isochrones  of  a  plane  vstc,  propa@iti.ng  with  a  definite  velocity. 
She  Isochrones  can  be  constructed  also  with  the  aid  of  a  preliminary 
construction  of  rays,  which  are  marked  suitably  with  values  of  time. 
She  angles  i  between  the  rays  of  the  vertical  upon  approaching  to  the 
line  of  the  profile  x  are  determined  'by  the  well  known  formula 


■<py^  ,,a- 


where  W  is  the  apparent  velocity  on  the  holograph,  t  (ac)  at  the  corres¬ 
ponding  point  of  the  profile, 

Sow  let  the  line  3?,  shown  in.  Fig.  !&}  represent  an  intermediate 
2*efractiag  boundary  — *  the  lower  boundary  of  the  layer  ¥-j ,  under  which 
the  velocity  in  the  covering  medium  'will  now  be  different.  Ufeea  the 
time  field  constructed  by  us  has  &'  physical  meaning  only  above  this 
line.  The  points  (to),  (t^),  ...  where  the  isochrones  t^,  ... 

intersect  the  line  ^determine  the  holograph  ( h  }  of  the  wave  under 
consideration  on.  the  intermediate  refracting  boundary  P  (the  letter  X 
denotes  the  distance  measured  along  this  boundary  from  a  certain  zero 
point ) • 

If  there,  a  layer  with  velocity  Vg  is  located  under  this  bound¬ 
ary  P  then  in  order  construct  the  isochrones  in  this  layer  of  the  time 
field  of  the  same  wave,  the  initial  fcodograph  will  be  (  X)>  and  the 
radii  of  the  circles  will  be  determined  in  accordance  with  the  new 
value  of  the  velocity  (Vg)»  She  method  of  construction  remains  the 
same  in  all  other  respects. 

Las  us  proceed  to  the  general  case  of  constructing  the  time 
fields  in  a  stratified  medium  with  constant  layer  of  velocities 
«  const  at  each  i-th  layer  (i  *  1,  2,  3> 

Let  us  assume  that  as  a  result  of  the  interpretation  of  the 
hodogr&phs  of  reflected  or  reftracted  waves,  corresponding  'to  the  bound¬ 
aries  Pj_  2  %  by  other  means,  we  have  determined  beforehand  the 
structure  of  l;fie  upper  layers  of  the  medium:  we  have  constructed  all 
the  intermediate  boundaries  and  established  the  values  of  their  layer 
velocities,  ©sis  could  be  done  la  practice  at  least  with  the  aid  of 
the  same  method  which  will,  be  described  later  on.  Let  us  assume  fur¬ 
thermore  that  the  layer-  velocity  .in  the  medium  underlying  the  last, 
lowest  -  intermediate  boundary,  is  known,  ©sea  the  construction  of  the 
time  field  for  the  wave  arriving  frost  under  this  boundary  and  reaching 
the  surface  of  the  earth  Pq,  where  its  photograph  is  observed,  reduce® 
to  the  following  operations* 

She  time  field  in  the  lower  V,  in  which  the  velocity  is  Y^ 

(Fig.  19)  is  determined  from  the  givrn  holograph  on  the  line  PqI  5Ms 
.fieldwhere  it  intersects  the  boundary  Py  g,  determines  the  hodograph 
on  this  boundary.  In  time,  the  hodograp&  obtained  on  the 'boundary 
?l  P  is  used  for  the  construction  of  the  time  field  in  the  layer  Ygj 
t&TXvL  ^XXtLlSr  field  determines  the  holograph  on  the  next  boundary  Pg  g,  etc. 
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mis  one  obtains,  finally,  the  time  field  in  the  layer  under  the 
last,  intermediate  boundary,  which  will  indeed  be  usea  hencefoith  to 
the  construction  ex'  that  (sought ,!  boundary,  to  which  corresponds  tae 
o  d.ofraph  t  lx)  as  specified  on  Pq» 

field.  Is'lcSied  on  Sc  sides,  as  before,  by  the  extreme  rays,  to 
each  layer  The  segments  of  the  rajs  arc  constructed,  as  ^  per  pone  vruao  .,o 
the  adjacent  isochrones.  The  result  of  this  construction  is  identical 
with  that  which  would  he  obtained  were  the  rays  to  be  construe  usu^ oy 
t-ir'anales  of  incidence  and  refraction  in  accordance  with  the  well 
v* £%■>  ri'S  ItciV? * 

tn  the  very  lowest  layer  the  time  field  remains  uriboun&ea  below 
the  position  of  the  sought  refracting  boundary  is  determined.  ^ 
v;-- 1  this  field  is  constructed  in  a  somewhat  broader  region  of 

....  . . . v  „  fi-,..-  -5.1-.j9,  envip’bt  boundary  is  fount,  to  be  locaveu. 

side  this  region. 


***  •""*  ’r  ■•"  *S.V  r"'^^ 

\ 


S-'\  \  \  \  "X  '* 


£  +?  \  \  \ 


j  '  *  v  >.  * 


79,  The  time  field  in  a  medium  with  constant  layer  velocities 
ete*vr  ...""W  hodosTanh  is  specified  on  the  line  .?«•  ,Rli£5  i3  used 
1.-0 ’  TfiSt  the  field  in  the*' layer  Vj  j  this  determines  the  hodogr&ph  on 
the”  ini ermediat-a  boundary  V-i  o|  from  this  one  plots  the  field  ic.  the 


&ractice  there  is  no  need  for  constructing  the  time  field  in 
layer,  Including  the  lowest  one.  with  a  large  number  ox  isochrone?* 
Jli" region ,  Where  these  fields  can  be  determined.  It  is  sufficient 
instruct  fully  only  the  separate  reference  isochrones,  and  to  in- 
■,p  the  remaining  ones  in  the  form  of  small  segments  of  lines  only 
lose  places,  where  it  is  required  for  the  purposes  of  the  solved 
i.exo  in  the  intersections  where  the  intermediate  separation  bound- 
5  in  order  to  determine  on  them,  the  hodographs ,  and  in  toe  aireci 
-aty  of  the  refracting  boundary  that  is  to  be  constructed.,  for  a 
lied  determination  of  its  form  and.  the  values  of  the  boundary 


V  -i  *>-  V  I  v  -j 
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b)  Case  of  variable  layer  velocities*  Jfcst  frequently  it  is 
necessary  to  use  the  assumption  that  the  velocity  in  the  covering  med¬ 
ium  is  a  function  (continuous  or  piecewise-continuous)  of  only  the  depth 
V  =  V  (z).  We  shall  also  consider  this  case,  although  construction 
methods  have  been  developed  under  more  general  assumptions  /%,  43,7.  We 
call  attention  to  the  fact  that  now,  in  the  method  of  time  fields,  one 
has  in  mind  the  depth  dependence  of  the  layer  velocity  V,  not  the 
average  velocity  V,  with  which  we  dealt  in  the  approximate  methods  of 
interpretation  (Section  1). 

In  order  to  construct  the  isochrones  of  the  time  field  from  a 
given  holograph  t  (x)  in  a  medium  with  a  variable  velocity  V  (z),  use 
was  made  of  the  ordinary  ray  diagrams  on  which  the  rays  and  isochrones 
are  plotted  [lh}  5§/#  Methods  of  construction  are  described,  for  ex¬ 
ample  in  the  articles  j%}  kj J,  The  ray  diagram,  should,  naturally, 
correspond  to  that  law  of  velocities  V  (z),  which  takes  place  in  the 
given  region.  We  note  that  the  ray  diagram  itself  represents  the  time 
field  of  straight  waves,  produced  by  a  point  source. 

In  the  case  of  V  (z),  just  as  in  the  case  of  V  =  const,  the  con¬ 
struction  oegins  with  transferring  on  the  profile  line  the  time  markers 
t-^o>  tn  t  ...  from  the  observed  hodograph  (Fig.  80).  Next  one  can  use 
two  methods  for  the  construction  of  the  isochrones:  l)  construct  the 
isochrones  as  envelopes  to  determine  the  elementary  fronts;  2)  first 
find  the  rays  and  label  them  with  the  values  of  the  time. 

In  the  construction  by  the  first  method,  one  first  plots  the 
auxiliary  elementary  fronts  with  sources  at  the  marked  points  t10, 
t-Q,  ...  analogous  to  the  circles  for  the  case  V  =  const.  They  will 
now  be  represented  by  corresponding  isochrones  of  the  ray  diagram, 
the  origin  of  which  is  shifted  successively  with  the  labeled  points 
(^10 (^li)?  •  (Fig.  80). 


Fig*  BO,  Construction  of  the  isochrones  of  the  time  field  with  the 
aid  of  a  ray  diagram  in  the  case  of  a  variable  layer  velocity  V  (z). 
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XiSt  us  trace,  fGx*  example,  the  construction,  of  the  isochrone 
It  will  pass  through  the  point  (%q)  of  the  profile  and  will  "be 


tangent  to  the  elementary  front  —  the  Isochrone  of  the  diagram,  with 
a  source  at  (tn  ),  and  a  time  designated  on  the  diagram,  the  value  or 

~  "  '  -M~  **  --  .  .  *  »  i.  - a.  m~*.  ‘i  ifi  *hh P- 

*K^awv*f- 

OSi 


which  is  t|-j 


elementary  front  with  a  source  at 


.  arose  w,  will  he 
t.  0  and  the 


tangent  to 
the  hi. a srs 


12  “  ^10?  ss^Cs  as  a  result ,  the  sought  isochron® 


t-j  o  “  t,  a»  et 
as  the  envelope  of  all  these  elementary  fronts. 


r  1,0 


1 


determined 


Analogously,  we  construct  also  the  other  isochrones  t<j, 


kM, 


2*he  region  of  space,  where  the  time  field  is  determined  is  bounded, 
as  before,  by  rays  orthogonal  to  the  isochrone,  passing  in  a  given  case 

to  the  points  (t-,  c, )  and  (t-$g)  of  the  profile-* 

la  practice  the  time  field  is  best  constructed  on  a  tracing  paper, 
superposed  in  a  suitable  manner  on  the  ray  diagram.  ©*«  technique  oa 


construction  can  be  s 


uffolified  by  using  previously  const] 


•acted  isochrone 


emulate 


■oAUIl  VJifcU  Wt;  3* wv?  *****»+*&  £« - - - V  v 

,  which,  represents  the  time  field  (isochrones  and  rays)  *<»  & 


certain  specially  selected  hodograph  with  a  smoothly  varying ^apparent 
velocity.  Ifee  construction  of  the  time  field  on  the  basis  of  the  ob¬ 
served  holograph  with  the  aid  of  this  template  reduces  successively 
transfer  directly  from  this  template  sufficiently  large  sections  of  tne 
time  field,  which  are  bounded  by  the  corresponding  rays  [%$/ • 

In  the  construction  of  the  time  fields  by  the  seccffldmethod  one 
labels  the  points  on  the  profile  line  not  only  vith  the  times  ^ 
t  (t-.A,  t-p,  ...)  but  also  with  the  apparent  velocities  V*,  wnicn  are 
measured  at  the  same  points  from  the  observed  holograph*  ISext,  bays 
are  drawn  through  these  points,  characterised  by  the  corresponding 
wanes  of  the  velocities  V*.  Shese  are  copied  from  the  ray  diagram. 


£b 


.ese  rays  are 


labeled,  with  values  of  the  time  f  using  the  isochrones  ox 


the  ray  diagram,  and  then  it  is  necessary  to  bear  in  mind  that  tne 


cxxrec a.a.4»a  ****>****  *.*«.  —  —  w  _  « 

time  field  are  mutually  opposite,  and  the  time  labels  or  the  points 

.  -  .  ..  .  ..  t  vrtir _ 4-U.^  Artndilv 


-,-P  4* 


$.3  C&U.U.  WiAWiA  - - -  .  ^  . 

,he  increase  of  time  on  the  diagram  and  in  tne  sought 


ft,  },  ...  of  the  profile  are  given,  Finally,  the  equally 
labeled ’points  of  the  rays  are  joined  by  smooth  curves  —  the  isochrones 


ft 


of  the  time  field,  which  we  have  constructed 


Construction  of 


She  methods  of  construction  of  refract* 
anSTdeterralrsation  of  the  boundary  velocities  _by  the 


felons. 


'X,  UUUA.JU-kM'  AW1S  -  .  -  _  a  .  ,  .  J5» 

method  of  time  fields  remain  the  same  in  principle,  independent  ox 


.ng  boundaxsie 

what  the  distribution  of  the  layer  velocities  in  the  covering  medium 
nay  be:  whether  it  is  assumed  that  this  medium  is  homogeneous, 
y  -»  const,  or  whether  it  is  stratified  with  jump  “like  changes  in  ^he 
velocity  ,  V0,  ...  on  the  Intermediate  refracting  boundaries „  01* 


else  it  is 


assuaed  that  the  layer  velocity  varies  continuously  as  & 

ft  «  ,1  . .  n. 


function  of  the  depth  V  -  ¥  (a) 


QXrO  * 


Therefore  we  shall  henceforth 


speak  only  of  different  problems  of  interpretation  of  hodogrmphs 
individual,  opposite,  or  overtaking,  which  will  be  solved  for  any  as- 
susaption  regarding  the  behavior  of  the  layer  velocities. 
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Fig.  8l.  Construction  of  the  refracting  boundary  R  on  the  basis  of 
opposing  hodographs~lr  (x)  arid  vlx),  The  points  a,  b,  c,  d  of  the 
boundary  R  are  determined  by  the  intersection  of  these  isochrones  of 
the  opposite  time  fields,  the  s'om  of  labels  of  which  is  equal  to  the 
time  T  at  the  mutual  points.  In  this  case  it  is  assumed  3?  =  tgq . 


a)  Interpretation,  of  the  opposing  hodographs.  In  this  case  we 
shall  assume  that  the  wave  in  the  medium  under  the  sought  refracting 
boundary  glides  along  this  boundary.  The  interpretation  will  consist 
of  the  following :  X)  determination  of  the  position  of  the  boundary  and 


}  determination  of  the  boundary  velocity.  ^ 

^  From  the  given  hodographs,  the  direct  one  t 
D.9  T'(x),  we  plot  the  corresponding  opposing  time 
x,  z)  (Fig.  8l). 


'(x)  and  the  reverse 
fields/ v(x,  z)  sued 


l)  The  points  of  the  refracting  boundary  R  are  determined  by  the 
equation 


t"  (x,  z )  +  ^  (x,  z )  =  T, 
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where  T  is  the  time  at  the  mutual  points,  measured  by  the  holographs , 

Iel  other  words,  the  refracting  boundary  is  determined  by  the  points  of 
intersection  of  those  isochrones  of  opposing  time  fields,  the  sum  of 
labels  of  which  is  equal  to  the  time  at  the  mutual  points. 

Thus,  if  on  Fig.  8l  the  time  is  T  «  t 25,  then  the  point  a  of 
the  refracting  boundary,  lying  on  the  isochrone  t-g  of  the  time  field 
17(x,  z),  is  found  on  the  intersection  of  this  isochrone  with  the 
isochrone  toe  -  =  tjo  °~  ^he  other  time  field  t  (x,  z).  Analogous - 

ly,  the  point  b  is  determined  by  the  intersection  of  the  isochrones 
t-qand  the  point  c  ~  by  the  intersection  of  the  isochrones  t1Q 

ana  t-s^,  etc. 

4-'It  is  seen  from  Fig.  8l  that  to  determine  the  boundary  it  is 
enough  to  find,  by  use  of  Eq.  (23),  only  one  point;  the  remaining  points 
of  the  boundary  are  determined  by  drawing  diagonals  of  the  elementary 
rhombi  formed  by  the  isochrones  of  the  opposing  time  fields. 

The  boundary  is  determined  in  this  way  in  the  region  of  space, 
where  both  time  fields  are  known  (points  a,  b,  c,  and  d  of  the  boundary 
on  Fig.  8l).  We  shall,  deal  separately  with  prolonging  it  outside  this 
region  (points  e,  f,  g,  and  h  of  the  boundary),  when  discussing  methods 

of  interpretation  of  individual  hodographs. 

We  note  that  if  the  time  I  at  the  mutual  points  is  unknown 
when  not  one  of  the  opposing  hodographs  reaches  the  mutual  point,  then 
it  is  possible  to  determine  a  family  of  curves,  whicn  represent  the 
possible  positions  of  the  refracting  boundaries.  Segments  of  these  curves 
are  determined  by  the  diagonal  elements  of  the  rhomb i,  formed  by  the 
isochrones.  These  curves  will  frequently  retain  approximately  the  same 
form,  but  are  located  at  different  depths. 


Fig.  82.  Hodograph  of  a  gliding  wave  along  the  boundary  R,  shown  in 
Fig.  81.  The  boundary  velocity  equals  the  apparent  velocity  de¬ 
termined  by  this  hodograph. 
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2}  To  determine  the  boundary  velocity  one  plots  the  holograph 
(  /v  )  of  the  wave  gliding  along  the  obtained  refracting  boundary  R 
(Fig,  82).  The  abscissas  of  tills  graph  represent  the  distances  A 
measured  along  the  e  U2?  v  vi  hi  from,  a  certain  point  of  the  curve  >  taken  as 
the  zero  point j  the  ordinates  represent  the  times  at  the  points  &,  b,  c, 
of  the  boundary,  read  from  the  isochrones  of  one  of  the  time  fields, 
for  example  the  field  t  (x,  z)  with  which  this  boundary  ms  constructed. 

The  boundary  velocity  Vi.  at  the  points  of  the  boundary  3  is 
equal  to  the  apparent  velocity1’!!!  the  corresponding  points  of  the  ho&o- 
graph,  tR  (  h)  of  the  gliding  wave. 

4h  practice  the  toodograph  tg  (X)  of  the  gliding  wave  la  drawn 
through  the  point  with  a  certain  averaging  of  the  law  that  describes 
their  positions ,  assuming  that  the  individual  points  deviate  within  the 
limits  of  possible  observation  and  plotting  errors.  Usually  this  hodo- 
graph  is  represented  in  the  fora  of  a  broken  line,  if  possible  with  a 
minimuira  masher  cf  breaks.  The  straight -line  segments  of  this  hodx»@raph 
give  the  values  of  the  boundary  velocity  Vv>  or.  individual  sections  of 
the ' refracting  boundary. 


b)  Fos slltiltles  of  interpretation  of  aa  Individual  hodograph 
of  refracted  waves.  If  there  is  available  only  one  holograph.  t  (ST)  of 
reft:' acted  waves?  and  the  position  of  its  initial  point  IF  (Fig.  83)  is 
known,  and  if  furthermore,  as  always,  the  velocity  %,  in  the  covering 
medium  is  known,  then  these  data  are  sufficient  in  principle  to  con¬ 
struct  the  refracting  boundary '3  and  to  determine  the  boundary  Velocity 
Vv,  under  the  assumption  that  this  velocity  is  constant j  in,  this  case 
■the  wave  in  the  refracting  layer-  assumed  to  glide  along  the  boundary 
Up  3/  ,  p  83). 

However ,  more  frequently  it  happens  that  the  position  of  the  ini¬ 
tial  point  of  the  holograph  t  (x)  remains  unknown,.  Then  the  refracting 
boundary  can  bo  found  with  one  hedognaph  t  (x)  only  under  the  condition 
that  the  boundary  velocity  Vi  is  also  specified.  It  is  assumed  with 
this  that  the  holograph  t  (x}  can  be  extended  ever  a  sufficiently  close 
distance  to  its  point  of  explosion. 

let  us  assume  ta&t  the  initial  point  of  the  holograph  t  (x)  is 
unknown  and  the  value  of  'f*  is  not  specified.  It.  this  case  it  is  pos¬ 
sible  to  determine  the  curve  B  of  the  possible  points  of  entry  of  the 
seismic  radiations,  representing  the  geometric  locus  of  the  positions 
of  the  point  A,  where  the  direct  wave  is  incident  on  the  refracting 
boundary  R  at  a  critical,  angle  i  (sin  i  «  V/¥0)  for  all  possible 
values  of  the  boundary  velocity  (Fig.  83).  This  curve  S  will  be 
the  envelope  of  the  family  of  refracting  boundaries  R,  corresponding 
to  one  and  the  same  hodograjib,  t  (x)»  3he  parameter  of  this  .family  is 
the  quantity  Vv 

The  curve  S  is  constructed  on  the  basis  of  the  specified,  holo¬ 
graph  t  (x)  in  accordance  with  the  rules  of1  construction.  of  a  reflecting 
boundary,  i.e,-,  formally  the  sa me  way  as  if  the  holograph  t  (x)  were 
to  correspond  to  a,  wave  not  refracted  by  the  boundary  B,  but  reflected 
by  the  txnmdary  S. 
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Fig.  83.  For  use  in  finding  the  possible  solutions  of  the  problem  of 
a  single  holograph  t  (x)  of  refracted  waves,  when  its  initial  is  not 
determined  and  the  boundary  velocity  VQ  is  not  specified* 


Itl  fact,  if  one  assigns  to  the  value  the  successive  different 
values,  than  this  corresponds  to  shifting  the  initial  point  along  the 
curve;  t  (x).  On  the  other  hand,  in  the  initial  point,  as  is  known,  the 
element  of  the  hodograph  of  the  refracted,  wave  coincides  with  the  ele¬ 
ment  of  the  hodograph  (x)  of  the  wave  reflected  from  the  section 

of  the  boundary  at  the  point  A  (Fig*  83}*  taking  ail  the  points  of  the 
hodograph  t  (x)  as  initial  points,  successively  one  after  the  other,  we 
identify  these  points  with  the  points  of  a  certain  hodograph.  of  reflected 
waves ,  "  The  reflecting  boundary  for  this  hodograph  is  the  geometric  locus 
8  of  the  points  A  at  different  values  of  V^. 

In  order  to  obtain  the  curve  S  it  is  possible  to  employ  any 
method  of  constructing  reflected  boundaries,  known  in  the  reflected -wave 
method,  for  example,  the  intersections,  ellipses,  etc*.,  provided',  the 
law  assumed  for  the  velocities,  V  «  V  (x,  a),  admits  of  its  use.  When 
the  constructions  are  carried  out  with  the  add  of  the  method  of  time 
fields,  the  curve  S  is  determined  by  the  points  of  intersection  of 
equally-marked  isochrones  of  two  time  fields:  for  the  incident  wave 
(with  the  source  at  the  point  of  explosion  (0)  and  for  the  "reflected” 
wave,  the  hodograph  t  (x)  of  which  is  specified* 
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la  the  case  V  »  const,  the  isochrones  of  the  time  field  of  the  in¬ 
cident  wave  represents  concentric  circles  with  a  center  0  (Fig.  83).  If 
V  s  V  (z ),  on  the  other  hand,  this  field  coincides  essentially  with  that 
shown  on  the  corresponding  ray  diagram,  which  in  turn  must  he  placed 
with  its  origin  at  the  point  1.  The  time  field  for  the  "reflected  **  wave 
coincides  in  this  case  with  the  time  field  of  the  refracted  wave,  which 
is  determined  hy  the  ho&cgr&ph  t  (x)  in  the  usual  manner. 

We  note  that  the  point  where  the  curve  S  intersects  the  x  axis 
coincides  with  that  point  of  the  profile,  which  corresponds  to  the  inter¬ 
section  of  the  holographs  of  the  direct  wave  t-j  (x)  and  the  refracted 
wave  t  (x).  In  the  case  of  a  straight-line  holograph  t  (x)  and,  a  con¬ 
stant  velocity  V,  the  curve  S  is  a  parabola  whose  axis  is  perpendicular 
to  the  isochrones  of  the  time  field  of  the  refracted  waves  in  the  cover¬ 
ing  medium  (V). 

The  practical  meaning  of  the  construction  of  the  curves  S  may  con¬ 
sist  of  the  fact  that  they  make  it  possible  to  separate  the  regions  a- 
round  the  points  of  explosion,  to  which  the  refracting  boundary  R  should 
not  enter.  By  specifying  some  value  of  it  would  be  possible  in  the 
future  to  construct  different  versions  of  positions  of  the  boundary  R, 
which  will  be  represented  in  the  form  of  curves  which  are  tangent  on 
the  outside  to  the  curve  S»  If  there  are  several  points  of  explosions 
and  each  of  these  has  its  own  curve  S,  then  the  refracting  boundary  can 
be  drawn  as  the  envelope  of  all  the  curves  8. 

However,  the  principal  purpose  of  the  curves  S  is  for  use  in  the 
interpretation  of  overtaking  hodo graphs  of  refracted  waves  with  the  de¬ 
termination  of  the  boundary  R  and  of  the  value  of  the  boundary  velocity 
with  the  aid  of  these  holographs  (see.  3ater,  p  15^-  /of  source/). 

c )  Construction  of  the  boundary  on  the  basis  of  an  individual 
holograph  in  the  case  of  gliding.  The  case  t dien  the  wave  in  the  layer 
under  the  refracting  boundary  can  be  considered  as  a  gliding  wave,  is 
encountered  in  practice  most  frequently. 

For  the  construction  of  a  unique  fully  defined  refracting  bound¬ 
ary  R  from  one  holograph  (with  unknown  initial  point)  it  is  necessary, 
as  we  have  seen,  to  determine  beforehand  the  'boundary  velocity  VL»  Ms 
can  be  done,  for  example,  by  Interpretation  of  opposite  hectographs,  ob¬ 
tained  on  the  neighboring  section  of  the  profile. 

Different  versions  are  possible  in  the  problem  of  the  total  inte> 
pretation  of  an  individual  hodograph.  Most  frequently,  however,  one  en¬ 
counters  the  following  question:  the  refracting  boundary  B  is  defined 
over  a  certain  section  of  the  profile  on  the  basis  of  opposite  bodo- 
graphs  t'(x)  and  (x)  cf  refracted  waves  (points  a,  b,  c,  d  of  the 
boundary  R  on  Fig.  8l)»  It  is  required  to  complete  this  boundary,  by 
determining  its  position  in  that  region  of  space ,  where  there  is  a  time 
fi eM,  constructed  only  on  the  basis  of  an  individual  hodograph  t '  (x) 
(orT(x)), 

The  problem  is  solved  in  the  following  manner.  Thhing  as  the 
initial  known  point  a  certain  known  point  d  of  the  refracting  bound jary 
(Fig.  82),  one  draws  with  this  point  as  a  center  aa  are  of  a  circle  of 
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of  radius  r  »  %A  t,  where  At  is  the  difference  in  times  between 
neighboring  isochrones.  2he  point  e  where  this  circle  intersects  the 
neighboring  isochrone  represents  one  of  the  points  of  the  unknown  refract¬ 
ing  boundary  R.  Hexfc,  oaa  places  the  center  of  the  circle  at  the  point 
e  and  analogously,  by  intersection,  one  finds  the  next  point  f  of  the 


boundary  K,  etc,  .  , 

In  Fig.  8l,  on  the  left  of  the  previously  determined  ^  point-  a  Gj. 
the  boundary  R,,is  shorn  aa  analogous  construction  of  the  point  h  of  this 
boundary,  the  basis  of  a  single  time  field,  obtained  ircm  the  o«hsr 
hodograph  t  (x)« 

M  order  to  aiake  the  intersections  with  a  compass,  it  is  con¬ 
venient  to  mark  a  rule  made  of  &  bent  strip  of  paper  in  segjaents  of  are, 
by  plotting  on  it  previously  calculated  length  r,  2r ,  3tt  etc*  When 
constructing  the  boundary  on  the  section  e,  f,  g,  one  of  the  markers  .  of 
the  rule  is  made  to  coincide  with  the  point  d,  and  the  others  are  made 
to  coincide  successively  with  the  corresponding  isochrones  of  the  field 
i  (x,  at),  and  the  rule,  where  necessary,  is  turned  slightly  in  a  suit » 
able' maimer.  Ms  method  eliminates  to  a  great  extent  the  possibility 
of  accumulating  an  error  in  the  determination  of  the  position  of  the 
boundary  R  on  the  basis  of  a  single  holograph,  an  error  due  to  multiple 
successive  intersections  by  means  of  &  compass,  which  is  difficult  to 
set  with  sufficient  accuracy  to  a  small  radius  r* 


d )  Construction  of  a  hotmdary  from  an  individual  hogograr^in 
the  case  of  penetration.  If  there  are  gnon&s  for  assuming,  a  or  example, 
on  the  basis  "of  the  non-parallelniess  of  the  overtaking  hcdographs,  that 
the  wave  in  the  medium  under  the  refracting  boundary  does  not  glide  aloots 
it,  but  penetrates  inside  the  layer,  then,  under  certain  conditions  is.-  is 
possible  to  construct  the  refracting  boundary  cast  the  basis  of  a  single  ^ 
hodograph  with  full  allowance  for  this  penetration.  Btar  this  purpose  it 
is  necessary  to  know  beforehand  the  value  of  the  velocity  Vg  in  the  layer 
below  the  boundary. 

One  of  the  possible  versions  of  the  problem  of  the  penetration  ...s 
shown  in  Fig,  84.  It  is  assumed  here  that  the  hodograph  t  (x)  is  speci¬ 
fied  ^  the  value  of  the  velocity  \  *  Vx  (x,  s),  in  the  covering  medium 
is  known,  and  in  addition,  the  position  of  one  point  S.  lying ^ on  the 
refracting  boundary  R,  is  also  specified*  Xt  is  required  to  determine 
the  position  of  the  remaining  points  of  this  boundary,  assuming  that  the 
point  S  can  be  considered  as  an  intermediate  source  ox  waves  in  the 


•underlying  layer, 

r£h&  problem  is  solved,  in  the  following  manner:  toe  specified 
hodograph  t  (x)  is  used  to  plot  a  time  field  t  (x,  z)  in.  the  medium  with, 
velocity  V-t  (fig*  84),  Ibis  determines  the  time  at  the  point  S,  in  this 
case  t-'0.  Next,  using  the  point  8  as  the  center,  circles  are  drawn  — 
isochrones  of  the  wave  in  the  layer  under  the  boundary,  ®ieir  radii 
•are  equal  to  r^  —  ¥2  Cti  t  -  t-^J,  rg  *  Vg  (t-jjg  -  t’\Q  )»  ©tc*  Tti&  *  e~ 
fracting  boundary  represents  the  geometric  locus  or  the  points  of  in¬ 
tersection  of  the  isochrones  of  two  time  fields  in.  the  madia  above 
end  below  the  boundary.  In  other  words,  its  points  are  determined  by 
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Fig.  84.  Construction  of  the  refracting  boundary  R  in  the  case  of 
penetration  of  a  wave  within  the  layer,  lying  under  this  boundary.  The 
point  S  is  a  specified  point  on  the  boundary  R,  which  can  be  assumed  to 
be  as  an  intermediate  "source"  of  a  wave  (circles  with  radii  r-j_,  r2,  ...). 
The  remaining  points  of  the  boundary  S  are  determined  by  intersection  of 
isochrones  of  equal  labels. 


the  intersection  of  identical  isochrones  of  these  two  fields  of  time. 

At  the  same  time,  one  of  the  points  of  the  boundary  is  determined  by 
the  point  of  intersection  of  this  circle  of  radius  with  the  isochrone 
t-|  -j  of  the  time  field  in  the  covering  medium;  the  second  point  —  by 
the  intersection  of  the  circle  with  radius  r2  with  the  isochrone  t-) etc. 
By  joining  these  points  with  a  smooth  curve,  we  plot  the  entire  sought 
boundary  R. 

In  Fig.  84  the  boundary  is  essentially  convex  upward,  and  in  this 
case  the  assumption  of  penetration  is  quite  natural.  But  the  boundary 
may  assume  at  certain  sections  such  a  form  —  for  example,  a  strong 
convexity  downward  —  that  the  assumption  of  penetration  loses  its  physi¬ 
cal  meaning.  Such  sections  of  the  boundary  must  be  constructed  in  ac¬ 
cordance  with  the  preceding  method,  for  the  case  of  gliding. 

In  other  versions  of  the  problem  of  the  interpretation  of  a  single 
holograph  it  can  be  assumed  in  the  case  of  penetration  that  the  isochrones 
of  the  wave  in  the  layer  under  the  refracting  boundary  R  are  not  cir¬ 
cular,  as  shown  in  Fig.  84,  but  represent  a  sequence  of  mutually-parallel 
straight  lines,  normal  to  the  specified  section  AS  of  the  boundary  R, 
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or  else  that  these  lines  represent  the  result  of  the  intersection  he-  . 
tween  the  plane  of  the  drawing  xz  and  cylindrical  surfaces  with  a  verti¬ 
cal  axis  z  passing  through  the  point  of  explosion  0.  The  choice  of 
either  variant  is  determined  by  the  prevailing  conditions:  the  data  on 
the  boundary  R,  where  its  position  is  known?  the  form  ox  the  spec x*xed 
holograph  t  (x),  the  resultant  form  of  the  boundary  R  after  it  is  con¬ 
structed,  etc  * 

e)  Interpretation  of  overtaking  holographs.  Assume  that  there 


are  available  overtakixig  hodographi^^xJ^Sdi^ \x},  which  can  be 

prolonged  sufficiently  towards  the  points  of  explosion  .°2  |fxg* 
In  order  to  insure  such  a  possibility  for  the  holograph^  \xj,  it  may 
be  necessary  to  have  an  additional  overtaking  ho&ograph  (x). 


Fig*  85*  Construction  of  the  boundary  R  and  determination  of  the  bound' 
ary  velocity  V-D  (const)  on  the  basis  of  overtaking  hodographs  of  re¬ 
fracted  waves  *  The  sought  boundary  R  is  tangent  to  the  curves  Si  and 
Sg  of  the  possible  points  of  entry  of  the  seismic  radiations. 

Let  us  assume  that  it  is  possible  to  consider  the  wave  in  the 
layer  under  the  sought  boundary  R  to  be  gliding.  The  problem  consists 
of  constructing  the  boundary  R  and  determining  the  corresponding 
boundary  velocity  under  the  assumption  that  this  quantity  is  con¬ 
stant  on  the  profile  between  and  0g„ 
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For  the  solution,  we  plot  the  time  field  t  (x,  z }  from  the  sum¬ 
mary  ho&ogrsph,  reduced  to  any  explosion  point,  for  example,  0^}  then 
this  will  be  the  hodograpb.  tA  (x),  prolonged  suitably  with  the  aid  of 
o  er  hodogr&pfcs  * 

We  then  plot  two  auxiliary  curves  S-^  an&JSg  of  the  possible  points 
of  entry  of  the  seismic,  radiations  (see  p  151  /of  source/}  for  the 
holographs  (x)  and  tg  (x)  with  explosion  points  0-  sM  0,,.  If  these 
curves,  which  represent, .  as  is  known,  formerly  "reflecting  tSoundariee" 
are  constructed  by  the  method  of  time  fields,  then  the  curve  is  con¬ 
structed,  as  usual,  by  the  points  of  intersection  of  equally-marked 
isochrones  of  two  time  fields:  the  field  t  (x,  s)  and  the  time  field  of 
the  direct  wave  with  source  at  point  <X ,  In  the  construction  pf  cugve 
S p,  on  the  other  bead,  in  view  of  the  shift  of  the  holograph  t0  (x)',  it 
is  necessary  to  take  this  transfer  operation  into  account  end  to  find 
the  points  of  intersection  of  the  isochrones  of  the  field  t  (x,  z)  with 
the  isochrones  of  the  field  of  the  direct  wave  with  source  at  0,,  the 
times  on  which  should  be  increased  by  the  same  amount  it* 

The  next  step  is  to  construct  the  sought  boundary  with  simultan¬ 
eous  determination  of  the  boundary  velocity*  Oils  is  convenient  to 
do  in  the  following  manner.  By  placing  a  rule  tangent  to  both  curves 


two  isochrons  of  the  field  t  (x,  a)  (it  is  better  if  these  are  suf¬ 
ficiently  removed  tr-cm.  each  other)  by  the  time  difference  between  these 
isochrones*  Shis  position  of  the  rule  will  represent  the  approximate 
position  of  the  sought  boundary  R  under  'the  assumption  that  it  is 
linear. 

She  result  obtained  is  then  refined,  by  plotting  the  boundary  K 
for  different  values  of  (  =eonst),  close  to  that  found  approximate¬ 
ly,  by  the  method  already '  described j?or  the  case  of  a  single  hodograpb 
in  the  presence  of  gliding  (p  152  /of  source/}*  With  this,  instead  of 
the  initial  point,  analogous  to  the  point  d  on.  Fig.  6l,  the  initial 
point  in  this  construction  will  be  the  initial  element  of  the  boundary 
of  length  r  «  at  (where  tX  is  the  time  difference  between,  the 
neighboring  isochrones),  which  fits  between  the  isochrones  of  the  field 
t  (x,  a)  along  the  tangent  to  the  curve  S  (segment  ab  on  Fig.  85)* 

35ie  construction  of  the  boundary  can  be  carried  out  by  intersecting  the 
isochrones  with  arcs  of  circles  of  radius  t  with  successive  transfer 
of  the  center  at  the  points  of  intersection. 

If  it  is  found  that  as  a  result  of  _t.be  construction  the  boundary 
K  will  be  located  .  higher  than  necessary  (the  curve  R  on  Fig.  85,  con¬ 
structed  by  means  of  intersection  with  the  radius  r"*),  then"  the  assumed 


value  of  V,,„ 


mist  be  increased,  and  if  it  is 


for  which  the  boundary  R  will  pass  tangent  to  the  curve  bg*  Ihla 
value  of  in  the  corresponding  position  of  the  boundary  R  is  indeed 
the. result  of  the  solution  of  this  problem* 

l  J*0,  1- £*■■**■  *  *  * 


As  in  the  case  of  aa  individual  holograph,  it  is  more  convenient 
and  more  accurate  in  practice  to  construct  the  boundary  by  overtak¬ 
ing  holographs  not  with  the  aid  of  a  compass,  but  by  using  a  paper  rule 
marked  in  intervals  of  r  (p  152  /of  Doureej )  • 


6.  Interpretation  of  Ho&ograpfas  in  the  Case  of  a  Step 


ffibA  refracting  boundary  may  be  of  the  form  of  a  step  ABCS  (^ig« 
86),  owing  to  a  discontinuity  and  a  vertical  shift  (fault),  or  a 
steep  local  imbedding  of  the  refracting  layer  (monoclinal  folding,  or 
else  because  of  erosion. 

Fig*  86  shows  holographs  for  these  same  two  cases  of  a  step,  as 
in  Chanter  IV,  Section  10:  a)  when  the  waves  penetrate  within  the 
second.' layer  (see  rays  A*C  or  CCs)l  here  it  is  necessary  to  assume  that 
the  thickness  of  the  refracting  layer  (with  velocity  exceeds  the 
height  A  h  of  the  step,  and  b)  when  the  waves  in  the  retracting  layers 
are  only  gliding;  it  is  then  assumed  that  AB  and  CD  are  thin  layers 
(with  velocity  Vjj  *  Yg),  which  bound  above  and  below  with  the  medium 
characterized  by  velocity  V,  j  in  this  case  the  trajectory  of  the  ray 

1ms,  for  example,  the  form  ABED. 

On  the  diagram  it  is  assumed  for  simplicity  that  the  velocities 
in  the  layers  Vs  and  Vp  (  »  Vjj )  are  constant ,  and  tnat  the  sections 
AB  and  CD  of  the  boundary  are  straight  lines  and  horizontal,  and  the 
drop  BC  in  the  step  is  vertical.  These  conditions  will  be  assumed  at 
first  as  specified  in  the  discussion  of  this  problem,  but  later  on 
we  snail  indicate  also  those  methods  of  interpretation,  which  make 
it  possible  to  Decane  free  to  a  greater  or  lesser  extent  of  such  Halt¬ 
ing  conditions. 

She  meaning  of  the  principal  holographs,  shown  in  Fig.  bo,  exia.  the 
dynamic  features  of  the  corresponding  waves  were  clafified  in  Chapter 

TV,  Section  1.0  (see  also  Fig*  68)* 

The  interpretation  of  the  bo&ographs  in  the  case  of  a  step  con- 
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in  the  raised  portion  will  he  considered  either  known  or,  in.  the  other 
case,  also  to  he  determined;  the  same  concerns  also  the  velocity  V2 
(  ssVL),  The  velocity  V,  is  assumed  specified,  ihe  values  of  H, 


a  re» 


g-ul”t  of  interpretation  of  syste&is  of  hodogr&phs  vifcift  explosion  points 
located  above  the  raised  portion  of  the  boundary  (in  the  case  of 
velocities  also  above  the  dropped  one),  where  it  does  not  have  aay  dis¬ 
continuities.  We  note  also  that  the  velocity  used  to  det ermine  the 
height  th  of  the  step,  is  the  layer  velocity  at  that  depth  where  the 
step  BC  is  located  (Fig*  86)*  On  the  other  hand,  in  the  determination 
of  the  depth  H,  at  which,  the  upper  edge  B  of  the  step  is  located,  the 
quantity  V-,  must  be  taken  to  mean  the  velocity  which  characterizes  the 
medium  covering  the  boundary  Jffi®  let  us  consider  two  methods  o,i 
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Fig.  86.  Interpretation  of  longitudinal  holographs  in  the  case  of  a 
step.  The  points  of  the  hodographs  connected  with  definite  points  of 
the  refracting  boundary  are  denoted  by  identical  letters,  but  on  the 
boundary  with  capital  letters  and  on  the  hodographs  with  lower  case 
letters.  The  indices  i  and  2  correspond  to  the  numbers  of  the  points 
of  explosion  0.  and  Og,  The  hodographs  in  the  case  of  gliding  (tra¬ 
jectory  OvABEDOo }  —  ajbibj/j  dgepap;  the  hodographs  in  the  case 

of  penetration  t trajectory  O^A’CDOg)  —  a-jb-jb-j  ' ;  c1d1;  c2'  • 

Analytical  methods  consist  of  employing  simple  formulas,  which 
are  parHally "based^in  the  determination  of  Ah  for  the  case  of 
penetration)  on  approximate  assumptions. 


213 


horisontal  .coordinate  of  -tfee  point  3  of  the  step  —  its  dif batting 
eia-e  —  can  be  obtained  by  means  of  several  methods,  using  the  dynamic 
features  of  m,rm  on  the  records  on  the  seismograms  and  particularly 

the  shapes  of  the  ho&ograpan  >  ^ 

Usually  the  soot  reliable  to  establish  is  the  coorcisaate  xB^  o* 
the  point  b-,  of  the  direct  fcodegraph  (with  point  of  PtpOoaion  Oy  where 
the  frontal  refracted  wave  (its  bodograph  s#l)  is  replaced  oy  the 

diffracted  wave  (h-jV-i). 

fhc  section  :%?  Kpi  (seismic  drift/  is  eepao,  to 


Htgl, 


.  „  .?  „  v  /v  T«v»nr*  off  the  sera&snt  X  from  the  known  point 

where  sin  x  «  «'»/ vo*  i^xn-s  qxx  w*.  »*.*/«.&*...  “  ^ 

xT.„  alonse  the  direction  towards  G-, ,  we  find  the  sougofc  pottii.  ^ 

ia‘  An  analogous  construction  baa  he  made  by  using  the  poxnv.-  e.?  oi 

the  inverse  holograph  &/>®g  (eb)g  (vxtb  expAOsion  pomfc  C  /« 

the  frontal  wave  <%e2  la  replaced  by  a  diffracted  wave^eg  lebjg,  whreh 

heads  around  the  edge  B  of  the  step  on  the  outside,  which  propag£v«» 

in  the  medium  with  velocity  e  . 

Mlng  use  of  the  peculiarities  of  the  s^pe  of  jereaxa 

of  the  hodngraplast,  it  is  possible  sometimes  to  estaolia*.*  « 

the  xtoint  also  in  the  case  of  unknown  value  ox  E*  jxxo&,  a»  ^  “% 

-jr;  located  the  minimum  of  the  curved  holograph  (ebjfe*^  corresponding 
to  a  series  of  waves  of  diffracted  type.  Adjacent  to  tog  nodograph 
is  a  short  straight -lias  segment  b2c2,  due  to  refleccion  from _,he  si-e 
3SC  of  -the  step  of  the  frontal  wave,  produced  in  the  section  h£  ox  «ne 

dropped  portion  of  the  boundary.  . 

At.  the  same  point  %  is  located  also  the  mxnixm,  Gg  •  of  ■  t«<- 
second  holograph  c^'c?V  (with  the  same  point  of  explosion  0«),  which 
correstjoaads  on  the^left  to  this  point  to  the  wave  propagating  aXon^, 

of  the  type  OgDOC’C**,  i.e*,  which  is  connected  mta  the  .raxsed 
nortjo*  of  the*bcwndary. '  She  region  of  the  airdmum  of  this  bodograpn, 
however,  is  broader  than  that  of  the  preceding  one,  and  it,  extends 
to  the  'left  of  3Cp  over  a  greater  section,  of  the  profile  tjm.  «o  the^ 
right  of  this  point;  in  addition,  the  corresponding  waves ^ ere  usually 
ch&rscterised  la  this  region  by  a  small  sssEjOdtude;  aH  tms  mmes  it 
difficult  to  use  the  given  holograph  for  a  sufficiently  relxaoie  xix- 

iisy  of  the  position  of  the  point  Xg« 

3.~,t,h  of  these  curved  holographs  are  asymetrical  witn  respect 
to  the  tiaas  axis,  passing  through  the  point  But  among  the  ^ranches 
of  the  direct  and  inverse  holographs  there  are  two  brancsowes,  whiC^, 
make  it  possible  to  compile  one  sysssetrical  curve*  Sals  is  the^bent 
branch  bYb*\  of  the  direct  holograph  and  the  bent  branch  eg  -ve&jgo* 
f  lics  inverse  holograph*  Both  these  nrencaos  have  a,  stiiim  .^.wi-v *y 
%rit.h  respect  to  the  time  axis  passing  through  %,  but  are  replaced, 
vith  a  shift  along  this  axis.  Shey  are  best  maSe  up  by  elimizsating 
■this  shift  by  transferring  one  of  these  parallel  to  the  axis,  was 


purpose  one  can  copy  one  of  the  "branches  on  tracing  paper*  After 
Bsa&ing  up  in  this  manner  one  common  symmetrical  curve,  xt  is  possible 
to  obtain  its  symmetry  axis  and  as  &  result  to  determine  Xg.  _ 

Me  note  also  that  the  form  of  this  curve  as  a  whole,  or  else  of 
its  component  parts,  makes  it  possible  to  determine  the  depth  H  of  the 
edge  B  of  the  step  under  the  point  xu  of  the  profile,  as  will  he  dis¬ 
cussed  later  (p  15 9  /of  souree7)j  the  sm  curve  makes  it  possiole  in 
principle  to  determine  the  value  of  ?.  under  the  condition  V-^  »  const* 


b)  Batermimtion.  of  the  height  of  the  ledge  of  the^ J;tg£»  _  P0 
determine  the  height  Ah  of  the  ledge  of  the  step,  use  is  made  of  the 
value  of  the  "jump"  of  the.  direct  (At  ore t)  or  reverse  (At  )  1*0*0- 
graph  upon  passing  through  the  place  of  the  step*  She  <i^P  is  determined 
by  the  distan.ee  in  time  between  approximately  parallel  broken  branches 

of  any  one  holograph.  ,  ^  % 

In.  the  case  of  penetration  (here  it  is  the  more  frequent  e&se ) 
for  a  step  of  "small"  height  Ah  use  is  made  of  the  following  approxi¬ 
mate  formula  (Fig*  86): 

,  i  _  JdJLL. 

~~  cos  L 


where  sin  i  *  V,/V_.  Shis  formula  is  applicable  "both  to  the  direct  and 
to  the  reverse  SodBgrapih,  inasmuch  (in  the  case  of  a  step  of  smlu.  al¬ 
titude)  the  jumps  At  and  At’  of  both  holographs  are  approximately 
equal:  At*  ~  At* 

!Efaa  approximatenes s  of  these  relations  is  due  to  the  fact  bha 
in  the  derivation  of  formula  (25)  it  is  assumed  (see  for  example 
/ihj  part  ?,  p  32)  that  the  time  of  travel  of  the  wave  from  the  point  ox 
explosion  to  the  points  B  and  C  (or  for  the  explosion  in  0?  in  the  in¬ 
verse  direction)  is  the  seme.  Ms  is  approximately  true  if  BC  is*  AB. 
V'ha  Ijffi&Uness"  of  the  height  Ah  should  also  be  understood  in  this  sense. 

From  an  examination  of  the  form  and  placement  of  the  branches  of 
tire  holographs  (Fig.  86)  it  follows  that  the  magnitude  of  the  jump  can 
be  determined  in  practice  more  accurately  with  the  straight  holograph, 
than  with  the  inverse,  The  branch  c2,!C2*ap*  of  the  reverse  holograph, 
corresponding  to  the  raised  portion  of  the  boundary,  approaches  slowly 
asymptotically  the  straight  line  parallel  to  the  branch  for  the 
dropped  portion,  so  that  the  distance  At*  At)  between  these 
parallel  straight  lines  is  difficult  to  read. 


*  A  fully  analogous  assumption  serves  as  the  basis  oi  the  cal- 
cuXation  of  the  depth  of  refracting  boundaries  by  means  of  non-longl  tu&i - 
nal  hodographs  of  refracted  waves  by  the  method  of  the  horisont&lly- 
stepped  boundary"  (Chapter  VI),  This  explains  why  the  principal,  for¬ 
mulas  are  identical. 
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la  the  case  of  gliding,  whan  It  is  assumed  that  a  thin  layer 
v?th  valoeit v  VI  ~  Vo  is  underlined  by  &  medium  with  a  velocity  ¥*, 
the  reverse  hodograpl  represents  &  straight  line  dgSg  (Chapter  B, 
Section  10 )>  and  doss  not  2aak6  it  isapossibX©  to  detamiB^  bh&  height 
of  the  step.  On  the  other  hand  the  branches  of  the  direct  holograph: 
a-b-i  and  e-id-,  fons  a,  $unrp  of  magnitude  Sf^sAt*  In  view  of  this,  for- 
ffiiili"  (25)  is^replaced  in  this  case  "by  the  following  formula* 


!JMs  formula  remains  valid  (but  only  in  the  case  of  gliding  I ) 

and  at  a  large  height  A h  of  the  step.  _  .  .  ■  • 

We  note  that  only  one  holograph  with  an.  explosion  point 
above  the  raised  portion  of  the  step  does  not  mahe  it  possible  to 
judge  the  particular  case  with  which  we  deal  penetration  or 
gliding  —  and  correspondingly  does  not  tell  us  which  of  the  for - 
Eml&s  --  (25)  or  (26)  —  should,  be  used.  'Ms  question  can  be 
solved  only  by  obtaining  a  second  holograph,  with  a  point  of 
explosion  above  the  dropped  portion  of  the  step. 

If  the  height  of  the  step  in  the  case  of  penetration  cannot  be 
considered  small, 'then  its  determination  can  be  carried  out  by 
means  of  successive  approximation  in  the  following  manners  ixret  one 
finds  the  value  of  A  h  by  means  of  formula  (25)  and  the  aecaon  is 
constructed.  Then,  considering  this  section  to  be  fcnovm,  the  times 
of  travel  of  the  waves  along  a  path  of  type  O^A’CBOg  is  determined, 
and  the  difference  between  the  times  calculated  in  this  manner  and 
the  times  measured  by  the  holograph  is  found.  After  inserting  this 
difference  in  place  of  At  in  the  same  formula  (25 )>  we  obtain  instead 
of  A  h  the  correction  that  must  be  introduced  in  the  previously 
obtained  value  of  A  h,  etc.  Usually  the  first  correction  of  the 
section  is  sufficient  to  obtain  good  agreement  between  toe  time 
calculated  by  its  means  and  the  measured  time*  . 

The  value  of  h  h  of  the  step  can  also  be  calculated  with 
allowance  for  the  variation  of  the  velocity  with  depth  z,  using  for 
this  purpose  the  average  velocities  V-s?(s),  as  is  done  in  the  inter¬ 
pretation  of  non-longituSiaal  holographs  of  refracted  waves 
(Chapter  VI,  Section  k)* 

T&e  described  analytic  method,  of  datemining  A  h  can  be 
used  also  in  the  case  of  inclined  (hut  mtuedly  parallel/  parts  cu 
a  refracting  boundary  A3  and  CD*  In  this  case  A  h  is  tae  height  01 
the  step  along  the  normal  to  AS  and  CD*  Bws  initial  assumption  will 
be  that  the  times  of  arrival  of  the  wave  free  Oj^to  the  para jo, 
which  are  located  on  the  same  normal  to  the  boundary,  are  eqaax 

( fl41,  part  2,  page  52)*  ,  a  ..  ...  . 

fQie  most  important  condition  of  applicability  of  this  iseurod 

is  the  approximate  linearity  and  mutual  _perajJl.elnefe»  0j-^ 
of  the  hodograuhs  before  and  after  the  discontinuity,  wnich 
possible  if“the  separated  parts  of  the  boundary  are  approximately 

linear  and  are  mutual  parallel,  art  also  if  the  ve^cities  ^  {-%) 

remain  constant,  particularly  on  the  sections  before  art  art-ex 
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drop  of  tiie  boundary*  ~T 

Constructions  by  ths  time -field  method*  Using  the  method,  of 
time  fields,  it  is  possible  to  become  rid  to  a  considerable  extent  or 
the  limitations  indicated  above#  Turn,  the  velocity  can  be  both 
constant  and  variable |  the  boundary  on  both  sections  can  be  eurve&j 
the  boundary  velocities  on  these  sections  need  not  be  the  same*  She 


assumption  of  the  smallness  of  the  height  of  the  step  also  drops  out* 
It  is  possible,  also,  not  to  assume  that  the  upper  edge  B  and  the 
lower  edge  C  of  the  step  lie  on  one  vertical  one  or  on  on®  line 


normal  to  the  'boundaries, 

nevertheless,  for  the  sake  of  simplicity  in.  the  argument,  we 
shall  carry  cut  the  derivation  of  the  assumption  that  the  velocities 
Vj_  and  Vg  (rrrYb)  r®aaln  constant.  If  this  is  not  so,  it  will  be 
ape  dally  mentioned  • 

a.)  Ds termination  of  the  position  of  the  upper  edge  of  the  step. 
For  this  purpose  it  is  possible  to  use  the  holographs  or  eg  (eb)g 

of  the  waves  diffracted  with  respect  to  the  ed«s  B  of  the  step  (Fig* 
86),  Eus  time  field,  constructed  by  the  known  method  (page  ibk  [of 
source ])  from  either  of  these  holographs,  is  represented  by  concentric 
circular  (if  Vp  =•  const)  isochrones,  the  center  of  which  determines 
ths  position  of  the  sought  point  B*  Ms  will  also  determine  its 
depth  H  under  the  surface  of  the  earth. 

fa)  Construction  of  the  mined  and  lowered  parts  of  the  bom- 
dory*  Such  a  construction  can  be  carried  out~primari3y  by  means  of 
single  holographs,  with  points  of  explosion  over  the  corresponding 
parts  of  the  boundary.  Thus,  to  determine  the  boundary  on  the 
section  A3  it  is  necessary  to  use  the  holograph  a^b^,  while  on 
the  section  .A3  one  used  the  holograph  egdg* 

More  accurately  speaking,  to  solve  this  problem  under  the 
assumption  that  the  initial  points  end  and  dg  of  "the  holographs 
ere  unknown  end  the  boundary  velocity  V  is  not  specified, 
it  is  necessary  to  make  use,  in  addition,  or  overtaking  hodographs 
(not  shown  in  Fig.  86) »  Their  points  of  explosion  should  be 
located  at  greater  distances  from  the  step  than  the  points  0^ 
and  Cb,*  Each  pair  of  overtaking  hodographs  is  interpreted  in  the 
usual  manner  (page  154  [of  source  3). 

If  the  velocity  V*.  is  a  specified  constant  <iua.nti.ty,  and  the 
point  B  (the  supper  edge)  is  determined  beforehand,  than  the 
construction  of  the  boundary  or*  the  raised  section  AB  can  be 
carried  out  on  the  basis  of  a  single  holograph  aVo^  without  making 
use  of  the  overtaking  holograph,  using  the  method  of  interpretation 
of  individual  holographs  (page  152  [of  source]).  The  difference 
between  the  present  case  and  that  discussed  in  page  152  [of 
source]  will  consist  only  of  the  fact  that  it  now.  becomes  neces¬ 
sary  to  m, Jss  known  intersections,  starting  with  the  point  B 
(Fig*  86),  which  is  more  remote  from  the  point  of  explosion,  then 
the  points  of  the.  boundary  which  are  to  be  determined,  whereas 
construction  previously  was  carried  out  in  the  opposite  direction. 
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time  field  can  be  contracted  also  by  the  exact  gwod, 
general  rales*  first  construct  isochrones  of  t*e  tiro  - 

efflirce  0,  in  the  cowering  medium  (at  V**  const  these  wiU  be  cycles 
ceI5^r  at  (^).  this  determines  the  holograph  on  tne  bowery  AE„ 

On  tive  basis  of  this  hodograph/ one  constructs  the  time  field  ^ 

^  ^  2Sf5  '&  bmndazy  CD  (point  C)  Is  constructs  oaths 
baste  of  the  points  of  intersection  of  eq.mlly-xabel.Led  isocnoi^fe 
of  the  two  time  fields,  the  indicated  field  in  tja  vf  «* 

toe  time  field  of  the  frontal  wave  in  the  l&jet  *p  \alch  is  cons .r 
ed"on*th*»  basis  of  the  hodograph  c-te-.n  The  continuation  of  the 
boundary CD  towards  the  points  X>  dnbe  obtained  under  tne  Mjajji® 
that  fc£  wave  glides  along  the  section  CD,  whereas  toe  point,  C  wtex 
S£rYe  as  the  initial  point  for  the  drawing  of  the  known  inter* 

sectional  construction  of  both  parte  of  the  boundary  --  jot  only 
tv-e  dropped  one,  but  also  the  raised  ones  -**  on  the  oasis  of  the 

realised  if  Sa?  css  tete&rins  tie  pcsition  of  te  potot  a  »ul>0  c . 
which  will  be  discussed  somewhat,  later*  If  Ac  position  of  the 
wn+  c  a&i  the  time  when  the  wave  arrives  at  this  point  from  Og 
Ik  toom,  then  the  UouKtay  »  can  te  ooactruotej  fcca 
arexHaa  c *"&*'««  *  by  means  of  the  ordinary  rules  of  in  *^rpre  nation 
of 'individual  Pedographs  in  the  esse  of  penetration,  anu  tee 
mediate  source  of  sooillatiOEas  will  be  the  point  C* 

Let  us  turn  now  to  the  possibility  of  simultaneous  process¬ 
ing  of  the  branches  of  opposite  holographs  above  the  dropped^por- 
tloa  of  the  boundary,  Ms  is  of  particular  ia^or  anee  lor 
vrpatest  accuracy  of  determination  of  its  general  inclination.,  and 
alio  the  value  of  the  boundary  velocity,  since  t3^ 
of  individual  or  overtaking  holographs  is  less  rebate!©  in  »*ne 

furthest  purpose*  ...»  jt,,,,,., .4. 

Xn  the  case  of  gliding  (for  steps  this  is  toe  less  frequent 

c&se)  the  problem  of  simultaneous  interpretation  of  opposing 
branches  of  holographs  c^d*  aad’dgep  is  solved  In  exactly  tee  same 
STTs  ifthe  See  oil  step  tl4c  1*9  lot  mu real:  the  poaiticn 
Of  the  boundary  ED  Is  determined  by  the  points  of  intersection  oi 
those  isochrones  of  teo  known  fields  of  times,  the  em  of  &*si&3&- 
fsons  of  which  is  equal  to  the  time  T  at  themutual  points,  •me 


velocity  V-0  is  determined  by  the  feodogmph  of  tte  gliding  wave, 
whereas  this  velocity  can  also  be  variable. 

In  the  case  of  penetration,  the  time  at  the  mutual  points 
cannot  be  used  directly  for  this  purpose.  Bo  obtain  in  this  ease  aa 
approximate  solution  —  for  small  Ah  —  the  problem  can  be  raducet*. 
to  the  previous  problem  by  shifting  t he  hoSograpfc  cxd^  parallel  to 
the  time  axis  upward  by  a  segsaat  At,  equal  to  the  3vsa$  of  the 
direct  hodograph..  On  the  other  band,  the  exact  solution,  fox  any 
A  h  can.  be  obtained  in  the  following  manner.  She  tins©  fields, 
constructed  on  the  basis  of  the.  opposing  holographs  e^d  and  dge2, 
ara  used  to  find  &  series  (family)  of  curves,  which  represent  '-be. 
possible  positions  of  the  boundary  ED.  Tbe  paradfcer  of  the  family 
will  be  a  quantity  T.  Bua  constructions  are  carried  out  for  each 
fixed  value  of  T  in  accordance  with  the  general  rules..  For  each  curve 
of  the  family  it  is  possible  to  determine,  as  before,  the  boundary 
velocity  VI .  Strictly  speaMng,  the  values  of  \  for  different 
curves  are  In  general  different,  but  in  practice  they  usually  depend 
little  on -'which  of  the  curves  is  used  for  this  determination. 

Use  problem  will  next  consist  of  choosing,  from  -fee  obtained 
family  of  curves,  that  particular  curve  which  will  give,  for  a 
trajectory  of  the  type  CVAbCBG g,  a  travel  time  sojjsX  to  that 
measured  by  the  holograph.  For  this  purpose  it  is  possible  to  use 
the  time  field  of  the  saves  propagating  along  the  trajectory  ox  tols 
type,  constructing  it  either  by  the  exact  method  or  else  approximately, 
taking  the  point  A  as  the  intermediate  source,  as  indicated  aoove® 

"*  Other  versions  of  the  solution  of  this  problem  are  also 
■possible. 

We  new  consider  the  possibility  of  simultaneous  processing 
of  the  branches  of  opposing  holographs  above  the  raised  portion 
of  the  boundary.  In  toe  case  of  gliding  the  opposing  branches 
ato-i  and  eo%  mke  it  possible  to  determine  toe  position  of  toe 
boundary  on  toe  section  AB  with  the  aid  of  the  cor&in&ry  construc¬ 
tions  (page  149  [of  source ])  if  one  assumes  as  the  time  at  the 
mutual  points  the  quantity  (1  -  St),  wh  re  St  is  the  'magnitude  of 
the  jump  of  the  direct  hodograph.  The  boundary  velocity  in  the 
section  AB  is  also  determined  In  the  usual  manner,  and  its ^ values 
will  depend,  little  oa  the  quantity  St,  which  can  be.  determined  not 

fully  reliably.  . 

JJqwqy&Tj  c&£0  of  p0 io.®  1x5^xtr.l. on  &  sxsxult^G&ou^ 

processing  of  toe  opposing  branches  a-jb-j.  and  is  impossible, 

in  view  of  toe  fact  that  the  second  branch  (c«,!c^g*}>  connected 
with  to®  penetration,  cannot  bs  used  under  ordinary  constructions, 
which  are  true  only  in  toe  case,  of  gliding. 

c)  Determination  of  tog  position  of  toe  ledBg_aadtogJ^SI 
edge  of  tof?ltopr^irTr:Sr¥ost  difficult  part  of  toe  problem, 
since  the"  recordings  of  the  waves  with  toes®  elements  of  the  step 
are  frequently  difficult  to  separate  on  toe  seismographs • 

The  construction  of  toe  lower  edge  (point  C)  can  b©  carried 
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out  in  principle  by  using  the  ho&ograpfe  Sg'Cg’c  ",  or  more  accurately 
that  portion,  of  this  holograph,  which  still  deviates  noticeably  from 
the  asymptotes  shown  dotted  in  Fig*  86.  She  time  field  cons  trusted  by 
this  hod, ©graph  in  &  double “layer  iseditsfi  wxth  velocities  Vp  rc-d  Vg, 
takes  into  account  refraction  on  the  previously  constructed 
boundary  AB,  is  represented  in  the  layer  Vg  («  const)  by  concentric 
circular  isochrones ,  whose  center  indeed  determines  the  sought 

jpOX£&*t#  C*  ^ 

Sses  present  construction  determines  at  the  same  time  also 
the  time  of  arrival  to  this  point  of  the  wave  along  the  path  CWBC* 

Ibis  wakes  it  possible  to  use  it  for  control  or  refinement  of  the 
position  of  the  boundary  on  the  dropped  portion  CD. 

Points  B  and  C,  when  considered  simultaneously ,  determine 
the  general  direction  of  the  ledge  BC  of  the  step.  ®*s  position  ox 
the  step  can  be  determined  in  principle  also  by  the  holograph.  of  the 
wave  reflected  trm,  BC,  which  propagates  along  trajectories  of  the 
type  (^ISSB&cvj®  OSss  reflecting  boundary  BC  is  de fierudued  by 
points  of  intersection  of  equally-named  isochrones  of  tae  following 
two  time  fields s  the  field  of  the  reflected  wave  (which  is  constructed 
on  the  basis  of  the  hodograph  bpCg)  and.  the  field  of  the  frontal 
wave,  connected  with  the  point  Ss  for  an  explosion  at  the  point  Qg. 

If  the  ledge  BC  has  a  gentle  descent,  it  gray  reflect  not  the  frontal 
wave,  but  the  direct  wave  incident  directly  from  the  point  of 
explosion 

In  concluding  the  eraainaiioa  of  the  interpretaion  of 
longitudinal  holographs  in  the  case  of  a  step,  we  :  note  that  in 
practice  it  is  far  from  always  possible  to  realise  all  the  fore¬ 
going  constructions,  since  for  the  most  part  they  are  based  on  the 
use  of  diffraction-type  waves,  clear  recordings  of  which  are 
obtained  frequently  only  with  great  difficult.  Nevertheless,  the 
principal  information  on  the  step  —  the  position  of  its  upper 
edge  in  plane  and  the  height  of  the  ledge  —  can  usually  be  obtained. 

Attention  should  be  called  to  the  independent  determination 
of  the  boundary  velocities  B-0  (  ¥0j  of  parts  of  the  refracting 
layer  on  the  two  sides  of  the  step.  If  these  velocities  are 
found  to  be  substantially  different,  and  particularly  if  the  velocity 
W,  on  the  dropped  portion  of  the  step  is  found  to  be  less  than  on 
the  raised  case,  doubts  can  be  raised  of  whether  both  parts  of  the 
step  belong  to  case  and  the  same  stratigraphic  or  lithological  level. 

If  it  is  too  difficult  to  Obtain  a  sufficiently  reliable 
and  detailed  interpretation  of  latitudinal  holographs  along  the 
profile  located  across  the  lines  of  the  step,  then  the  prospecting 
of  the  step  can  be  carried  out,  as  indicated  In  Chapter  III? 

Section  5,*  with  the  aid  of  a  system  of  longitudinal  and  nos- 
longitudinal  profiles,  for  exas&le,  by  means  of  two  XongltnOlnal 
profiles  which  do  not  intersect  the  step  and  which  are  located 
along  it  on  the  raised  and  lowered  portion,  and  a  transverse 
profile,  which  cuts  through  the  line  of  extent  of  the  step* 


T«  Presentation  of  the  Graphical  Material 

She  technique  of  representation  of  the  graphical  Material, 
obtained  as  a  result  of  observations  in  the  CMHN,  differs  little 
from  that  used  in  the  Method  of  reflected  waves,  (see  instruction  of 
reference 

Nevertheless,  the  <3®$?  has  certain  specific  features  in  this 
respect,  connected  principally  with  the  greater  range  of  depths, 

■which  are  accessible  to  prospecting  by  use  of  refracted  waves, 
and  also  with,  the  fact  that  in  the  CMHW  one  investigates  not  only  the 
placement  of  seismic  boundaries,  but  also  the  values  of  the  -velocities 
in  the  layers* 

Representation.  of  the  hodographs,  scales,  la  prospecting  at 
smll  depths  «200  "SetercJ^it  iirecSSndad  that  the  holographs 
be  constructed  on  the  following  scale:  horizontal  1:5000  and 
vertical  1  cm*  Q»01  sec  or  1  cm  0*02  sec*  In  prospecting  at  medium 
depths  ( approximate iy  1  tea)  the  scales  usually  'used  are  horizontal 
It  10,000  and  vertical  X  cuts?  0,05  sec.  In  prospecting  of  great  depths 
(2  —  3  tea  end  greater)  smaller  scales  are  used:  horizontal 
1:20,000  and  vertical  1  can”  0*1  sec.  We  note  that  the  scales 
1:25,000  (for  distances)  and  1  aa=0#04  sec  (for  time)  are  inconve¬ 
nient  and  should  be  avoided,  ' 

ifcs  coordinate  axis  on  the  holographs  are  marked  by  distances 
in  meters  or  kllometera  and  by  times  in  seconds*  Bae  place  of  each 
point  of  explosion  is  fixed  'by  an  arbitrary  symbol  and  by  drawing  a 
vertical  line  (time  axis).  The  holographs  axe  plotted  by  means  of 
points  which  are  then  Joined  by  smooth  lines.  On  these  are  marked 
tbs  points  of  the  break  in  tire  correlation  and  oilier  features  of  the 
record  in  accordance  with  the  •  seismograms*  Usually  for  each  wave  one 
constructs  one  phase  hectograph,  but  when  going  from  oner  phase  to 
another  on  a  certain  section  of  the  profile  (which  occupies  not 
less  than  one  or  two  stations  of  seismographs)  one  constructs  bodo- 
graphs  of  both  phases*  Bae  holographs  are  marked  by  symbols  of  the 
same  color  wills  which  the  phase  (wave)  is  designated  on  the  seismogram* 

E»  phase  hectographs  are  used  to  determine  the  apparent 
velocities  for  individual  branches  close  to  linear;  these  values  of 
the  velocities  are -written  out*  above  the  hodograph  lines** 

Mapping  of  the  sections*  ‘Hie  seismic  sections  obtained  as 
a  result  of  the  interpretation  of  longitudinal,  bodographs  are 
mapped  as  a  rule  in  non^-distorted  scales,  and  usually  these  scales 
are  the  same  as  the  distance  on  the  hodographs*  Bxe  final,  aeis- 
mogeoiagical  sections,  where  the  seismic  data  are  compared  with  the 
geological  ones,  can  be  represented  on  smaller  scales,  for  example 
1:25,000  or  1:50,000  but  naturally,  not  on  .larger  scales  than  these 
with  which  the  primary  constructions  have  been  made* 

On  seismic  sections  one  maps  the  refracting  boundaries. 


*  ‘Ihe  sequence  of  introducing  corrections  in  the  observed  hodographs 
is  described  la  Chapter  V,  Section  2. 
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under  vfeicb  the  values  of  the  boundary  velocities  are  written 
(see,  for  example,  Hg»  7©)*  ®mb  values  of  the  average  velocities 
(above  the  boundary)  or  the  layer  velocities  (between  the  boimdarles, 
in  the  middle  of  the  layer)  are  also  marked.  2S«  sections  of  the 
boundary  with  different  boundary  velocities  are  separated  fro®  each 
other  by  means  of  transverse  rules* 

ifee  sections  should  represent  graphically  the  degree  of 
reliability  of  the  obtained  results.  Sections  of  the  boundaries 
constructed  by  means  ©f  opposing  holographs  are  sore  reliable 
arid  are  abovn  with  heavy  .lines ?  and  those  obtained  from  individual 
hodographs  are  shown  with  thin  lines*  The  less  reliable  boundaries 


arc  shomi  dotted® 
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Chapter  YI 


'ERPBETAT 10 H  OF  NON-LONG  11‘UDINAL  HODGGRAKSS 


reo  Dimensional  Problem  of  Inter 
of  Hodographs  of  Refracted  Waves 


In  t  he  investigation  of  refracting  boundaries  with, 
large  angles  of  inclination  {*P  10°)  use  of  the  methods 

of  interpretation  which  are  designed  for  the  solution  of 
two  dimensional  (plane)  problems  can  lead  to  great  errors 
in  the  determination  of  the  angles  of  inclination  and  depths 
of  the  investigated  boundaries*  In  particular,  if  the  sec¬ 
tion  constructed  along  a  longitudinal  profile  with the  aid  of 
the  methods  described  in  Chapter  V  pertains  to  a  vertical 
plane  passing  through  the  profile  line,  this  can  lead  to  a 
considerable  distortion  in  the  shape  and  depth  of  the  re-  * 
fr acting  boundary.  The  particularly  large  errors  in  the  de¬ 
termination  of  the  configuration  of  the  refracting  boundarie 
are  possible  in  the  case  of  non-plane  separation  boundaries 
with  considerable  angles  of  descent,  if  an  investigation  of 
this  boundary  is  carried  out  only  with,  the  aid  of  longitudi¬ 
nal  profiling.  Therefore,  as  indicated  in  Chapter  III,  at 
considerable  angles  of  inclination  of  refracting  boundaries, 
longitudinal  profiling  must  be  supplemented  by  other  systems 
of  observation  -  transverse  profiling  or  area  measurement 
with  one  common  point  of  explosion.  In  the  interpretation 
of  hodographs,  obtained  by  these  systems  of  observations,  it 
is  necessary  to  go  over  from  an  examination  of  two-dimensio¬ 
nal  (plane)  problems  to  the  consideration  of  three  dimensio¬ 
nal  is p at .1. al )  probl eras . 

Exact  method  of  solving  the  three  dimensional  problem 
of  Interpretation  of  hodographs  of  refracted  waves  are  given 
in  reference  [3]  for  the  case  of  a  plane  separation  boundary 
and  in  reference  [6]  for  a  separation  boundary  of  arbitrary 
form*  ' 


form 


The  method  of  solving  the  three-dimensional  problem 
for  the  case  of  a.  plane  boundary  of  separation  is  simple 
and  can  be  rsadilv*  employed  in.  practice;  we  shall  stop  to 
consider  it  in  Section  2*  The  method  of  solving  the  spatial 
problem  for  separation  boundaries  of  arbitrary  form  j.s  cum¬ 
bersome  and  not  suitable  for  large  scale  calculations  in 
production  work*  We  shall  therefore  not  stop  to  examine 
this  method  and  we  shall  consider  for  the  separation  boun¬ 
daries  of  arbitrary  shapes  only  the  approximate  methods  o* 
solution  of  the  three  dimensional  problem [2,  1/ J ,  wniea- 
at  the  present  time  are  used  in  large  scale  production 
^ork*  These  approximate  methods  have  been  developed  in  ap¬ 
plication  to  such  systems  of  observations  ,  as  transverse 
profiles,  and  area  measurement  for  one  and  the  same  explo¬ 
sion  point ♦ 

Pr  ;!.ne  ipal  premi  s  es  in  the  interpret  at  ion^jOlLtgafiSr: 
verse  holographs  and  surface  hodo graphs*  For  a  unique  in-, 
terpretat ion- of  transverse  hodogr&phs  and  surface  hoao- 
graphs  ( isochron  maps)  it  is  necessary  to  introduce  more 
assumptions  concerning  the  structure  of  the  inyesp.pt efi 
medium*  than  in  the  interpretation  of  longitudinal  nooo» 
graphs!  These  assumptions  can  be  divided  into  two  groups? 
1)  assumptions  concerning  the  velocities  in  tne  covering 
medium  and  along  the  refracting  boundary 5  2;  assumptions 
concerning  the  structure  of  the  refract; ing  boundary  in^ 
the  zone  between  the  point  of  explosion  and  the  une  01 
observation  for  the  transverse  holograph  or  the  region 
of  observations  for  the  surface  holograph® 

Assumptions  concerning  the  velocities*  In  the 
int erpr etatTon^ of  transverse'  holographs  and  isochron  maps 
the  following  have  to  be  givens  a;  the  average  velocity  V 
in  the  covering  medium  and  b)  the  boundary  velocity  yb 
along  the  refracting 'boundary*  In  the  case  of  a  multiply- 
layered  medium*  consisting  of  layers  of  sufficiently 
1  arge  thickness  with  different  velocity  of  elastic  wave 
propagation*  in  the  interpretation  of  transverse  hod©- 
graphs  and  isochron  maps  it  is  necessary  to  know  the  ia«.- 
lowing %  &}  the  layer  velocities  in  each  ox  ohe  layers 
ana  hj  the  boundary  velocities  Y±  in  each  of  the  layers 
and  c)  the  boundary  velocities  ¥3  along  each,  of  the  sepa¬ 
ration  boundaries*  As  a  rule,  the  boundary  velocity 
along  the  refracting  boundary  is  always  greater  than  the 
layer  velocity  in  the  same  layer* 


Fig •  87.  Vertical  cylinder  N.  The  time  of  arrival^ 
of  the  wave  propagating  the  refracting  layer  to  the  points 
E  and  C  of  the  lateral  surface  of  the  cylinder  is  constant* 
CM  and  ErB  are  the  trajectories  of  the  rays  of  the  wave 
that  arrives  at  the  points  A  and  B  of  the  transverse  profile. 


Methods  of  interpretation  of  transverse  hodographs  and 
isochron  maps  discussed  in  Sections  3S  5*  6,  and  7  are  based 
on  the  assumption  that  all  the  layer  and  boundary  velocities 
are  constant  and  specified.  In  addition,  for  transverse  hodo¬ 
graphs  we  consider  in  Section  4  the  case  when  the  layer  velo¬ 
city  in  the  medium  covering  the  refracting  boundary  is  a 
specified  function  of  the  depth  H. 

We  note  that  in  a  case  of  a  refracting  boundary  which 
is  little  inclined  from  the  horizontal  plane,  it  is  possible 
to  determine  the  boundary  velocity  from  the  average  velo¬ 
city  V  in  the  covering  medium  and  the  boundary  velocity  V^, 
if  the  initial  points  of  the  traced  wave  are  obtained  [5]« 
These  cases,  wherein  it  is  possible  to  d- 1 ermine  the  velo¬ 
cities  in  the  investigated  medium  from  tie  transverse  hodo¬ 
graphs  and  from  the  isochrone  maps,  are  encountered  in  prac¬ 
tice  relatively  rarelyj  therefore  in  the  interpretation  of 
these  hodographs  the  values  of  the  velocities  must  be  obtai¬ 
ned  from  some  other  data  or  the  values  of  velocities  which 
are  most  probable  for  the  given  region  must  be  assumed. 

Assumptions  concerning  the  structure  of  the  medium 
in  the  zone' ““between  the  point  of  explosion~ltndtne  line 
'Cor  areal  of  observation*  The  appropriate  methods  of  inter¬ 
pretation  discussed  in  Sections  3-7  are  based  on  the  assump¬ 
tion  that  the  differences  in  arrival  time  of  the  waves  at 
different  points  of  the  profile  or  at  the  surface  of  obser- 
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vat  ions  5  located  at  equal  distance  to  the  point  of  explo¬ 
sion,  is  due  only  to  the  differences  in  the  relief  of  the 
investigated  refracted  boundaries  and  all  the  separation 
boundaries  above  it  in  the  zone  of  emergence  of  the  seis¬ 
mic  ravs  from  the  refracting  boundaries*  This  assumption 
is  based  on  the  following  sehematizatxon  of  the  structure 
of  the  medium  in  the  zone  between  the  point  of  explosion 
and  the  line  (or  region)  of  observations* 
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refracting  layer,  tne  separation  oounaary  ‘-o.ow  ^ 

a  two-layer  medium)  and  all  the  separation  boundaries  can 
be  represented  in  the  form  of  horizontal  steps,  located  at 
different  depths »  The  rays  that  glide  along  these  steps 
are  denoted  In  Fig*  87  by  the  letters  CD  and  531. 


are  denoted  in  Fig*  87  by  the  letters  CD  and  531. 

Under  these  assumptions  with  respect  to  the  construe* 
tion  of  the  medium  in  the  zone  between  the  point  of  explo¬ 
sion  and  the  lines  of  observation  and  concerning  the  veloci¬ 
ties  in  all  the  media,  the  transverse  hectographs  and  the 
isochrone  maps  can  be  interpreted  practically  uniquely » 


2*  Det erminat ion  of  the  Elements'  of  Location  of  a 
Plane  Inclined  Refracting  Boundary 


In  case  of  a  plane  inclined  refracting  boundary  the 
ravs  of  the  incident  gliding  and  refracted  waves  lie  in  the 
plane  ABDC  (Fig*  88),  passing;  through  the  line  of  the  pro¬ 
file  AB  normal  to  the  separation  boundary.  This  plane  coin¬ 
cides  with  the  vertical  plane  ABIE,  which  passes  through  the 
profile  line,  only  in  that  case  when  the  direction  of  the 
profile  Ax ?  coincides  with  the  direction  of  incidence  Ay  of 
the  separation  boundary*  in  all  cases  these  planes  do  not^ 
coincide.  Therefore,  if  the  sections  which  are  constructed 
on  the  basis  of  two  opposing  hodographs  are  r epr es ent ed _ for 
the  piano  normal  to  the  separation  boundary  in  the  vertical 
plane  passing  through  the  line  of  the  profile,  the  depth 
and  the  angles  of  inclination  of  the  refracting  boundaries 
will  be  distorted*  At  large  angles  of  inclination  of  the 
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refracting  boundary  (  30°),  the  errors  in  the  determi¬ 

nation  of "the  depth  and  of  the  angles  of  inclination  reach 
considerable  values. 
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Fig.  88.  Log at 
normal  (ABIC)  planes, 
gitudinal  profile 
Ay  -  direction  of  drop; 


on  in  space  of  the  vertical 
passing  through  the  line  AB 


Ax  -  direction  of  the  refracting 
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-  total  angle  of  incidence  of  the 
*  w*. acting  boundary;  cp<  -  angle  of  drop  of  the  oounaary  ill' 
the  normal  plane  ABDC ;  -  angle  of  drop  of  the  boundary 

in  the  vertical  plane  ABIE;  f  -  angle  of  drop  of  the 
boundary  in  oho  vertical  plane,  passing  thorough  the  line  Ay* 
of  the  transverse 
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cular  case  when  the  direction  of  the  profile  coincides  with 
the  direction  of  drop  of  the  separation  boundary.  As  shown 
in  reference  [3 3 5  to" determine  the  elements  of  location  of 
a  plane  inclined  refracting  boundary  and  the  boundary  velo¬ 
city  V>j,  one  must  have  three  elements  of  linear  hodographs, 
obtained  in  different  directions  xs,  and  these  hodographs 
can  be  obtained  both  with  a  common  explosion  points  (F? 
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ferent  explosion  points  (Fig.  89b).  Each 
the  ho  do  era  olis  should  be  used  to  deter 
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mine  the  parent  velocity  dxj&ic  To  determine  the  direc¬ 
tion  and  angle  of  drop  and  depth  of  its  location  -  the 
system  of  two  opposing  holographs  is  insufficient;*  wxch 
the  exception  of"  the  particular  case  when  the  direction  of 
the  profile  coincides  with  the  direction  of  drop,  of  the  se- 
parat ion ' boundary.  As  shown  in  reference  [3] 5  to  determine 
the  elements  of  location  of  a  plane  inclined  refracting 
boundary  and  the  boundary  velocity  V-D,  one  must  have  three 
elements  of  linear  holographs  obtained  in  different  direc¬ 
tions  and  these  holographs  can  be  obtained  both  wit a  a 
common  explosion  point  (Fig*  89a)  and  wiuh  different  explo¬ 
sion  points  (Fig®  89b )«  Each  of  the  element s  of  -.the  holo¬ 
graph'  should  be  used  to  determine  the  parent  velocity 
dx~?at.  To  determine  the  direction  and  angle  of  drop*  and 
also  the  boundary  velocity  it  is  enough  to  know  only 
the  value  of  the  apparent  velocities  dxg/dt  (s  -  1*  2,  3J* 
In  addition,  to  determine  the  depth  E_ of  the  refracting 
boundary  it  is  necessary  to  know  the  time  t  01  arrival  ox 
the  wave  at  one  point  of  one  of  the  profiles  xs»  In  the 
determination  of  the  foregoing  quantities  the  velocity 
in  the  covering  medium  is  assumed  to  be  constant  and  spe¬ 
cified.  It  is  possible  to  indicate  many  systems  of  observa¬ 
tions,  which  are  convenient  from  the  practical  point  of 
view  for  the  solution  of  this  problem*  The  most  conveniens 
for  the  correlation  interrelation  of  the  waves  is  the  fol¬ 
lowing  systems  two  elements  of  opposing  longitudinal  ho&o- 


are  obtained  for  a  common  point  of  explosion  (Pig*  69$ }f 
i,  e»,  an  element  of  the  surface  holograph  is  obtained  at 
this  point  of  explosion*  Let  us  consider  for  this  system 
of  observation  the  methods  of  determining  the  direction 
and  the  drop  angle  #  ,  the  depth.  K  of  location  of  the 
refracting  boundary,’  and  the  boundary  velocity  7b* 

In  this  examination,  let  us  introduce  a  left-handed 
system  of  coordinates,  the  origin  of  which  is  located  at 
the  -ooint  of  intersection  of  the  longitudinal  and  trans¬ 
verse  profiles.  We  direct  the  x  axis  along  the  separation 
boundary,  the  y  axis  along  its  drop*  The  line  Ox  of  the 
longitudinal  profile  1,  the  shooting  of  which  is  carried 
out'  at  explosion  point  1  (EP1),  makes  an  angle  w  with 
the  direction  of  i:  (Fig.  90a,  b). 
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Fig,  89.  System  of  observation  necessary  to  deter¬ 
mine  the  elements  of  location  of  a  plane  inclined  refrac¬ 
ting  boundary,  a  -  three  longitudinal  profiles,  shooting 
of  which  is  carried  out  with  one  common  point  of  explo¬ 
sion;  b  -  longitudinal  and  transverse  profiles  (solid  li¬ 
nes),  the  shooting  of  which  is  carried  out  at  an  explosion 
point  SPl'and  a  longitudinal  profile  (dotted  line)," the 
shooting  of  which  is  carried  out  at  an  explosion  point  EP2, 


Connection  between  the  quantities  dt/dxs.  the  reel- , 
jlgocals  of  the  apparent  velocities,  and  tne  angle  of  incli¬ 
nation  of  the  refracting  boundary.  For  two  opposing  longi¬ 
tudinal  hodographs,  the  quantities  dt/dxs,  which  are  the 
reciprocals  of  the  apparent  velocities  of  propagation  of 
the  wave  front  along  the  corresponding  lines  of  observa¬ 
tion,  sire  expressed  by  the  following  formulas 


d  tr 

cL  £  ’ 


(27) 


cL  £'>  __  (fi  a  o\j 

*1*  /-c 

where  <x  is  the  angle  of  inclination  of  the  refracting 
boundary  in  a  plane  passing  through  the  line  of  the  long!- 


given  ay  the  iormuia 
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(28) 


a£_  = 


>■' 


where  y"-  is  the  angle  of  drop  of  the  refracting  oounaary 
in  the  Vertical  plane  passing  through  the  line  Ay*  of  the 
transverse  profile  (Fig*  88)*  If  the  elements  of  the  two 
hcdographs  (longitudinal  and  transverse)  are  obtained  for 
one  common  explosion  point,  then,  using  formulas  (27)  and 
(28) ?  it  is  possible  to  obtain  the  following  expression 
for  the  angle  Y* 


(29) 


Thus,  having  determined  the  apparent  velocities  from  three 
hodograph  elements,  it  is  possible  to  determine  the  angle 
of  inclination  <x  and  the  normal  plane,  passing  through^ 
the  line  of  longitudinal  profile,  and  the  angle  of  inclina¬ 
tion  in  the  vertical  plane,  passing  through  the  line 

of  transverse  profile* 


Fig.  90.  a  -  location  of  the  line  of  logitudlnal  pro 
fils  Ox*  and  the  transverse  profile  Oy1  relative  to  the  di- 
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r set ion  of  the  extent  Ox  and  drop  Qy  of  the  refracting 
boundary^  b  -  determination  of  the  physical  real  root,  0X]_ 
and  Oyi  -  directions  of  extent  and  drop,  corresponding  to 
the  root  LV  0x2  and  0y2  ~  directions  of  extent  and  drop 
corresponding  to  root  w  2» 


Pet ermlnation  of  the  total  angle  of  drop  of  the.,re 
fr acting  boundary*  Knowing  the  angles  oc  and  g  *  s  one 
calculates  the  total  angle  of  descent  from  the  following 


formula 


XHti 


ip  ™  2  a  j-  .'CS'iva  c 


tn-  '^cC 


(30) 


Determination  of  the  direction  of  extent  and  drop ^ of 
the  refract lnr:  boundary*  The  angle  yj  between ihe  direction 
of  the  extent  of  the  refraction  boundary  and  the  direction 
of  the  profile,  reckoned  from  the  direction  of  the  profile 
Ox1  clockwise,  is  determined  from  the  formula 


As  can  be  seen  from  this  formula,  for  a  specified 
value  of  the  angle  Ct  there  exists  two  values  of  \ 

and  <-0*  which  satisfy  the  Eq.  (31)*  For  <x>°  ■■■  these 
values  are  as  follows:  0<eul<,-§y  -fr-  At  eL<0 

there  also  exist  two  roots  of  the  Eq*  (31)s 


"•»  C<ft 


-  cx~ 


The  choice  of  tho  physically  real  root 


is  based  on  a  com- 


parison  of  the  signs 
the  different  values 
these  angles  as  dete 


of  the  angles  a,  and  i‘-  ,  obtained  for 
of  the  Azimuth  a>  ,  with  the  signs  of 
rmined  from  the  observed  hodographs. 


directions 
angles  UJt 
responding 
the  angles 
projections 


ay  of  on  example  we  show  in  Fig*  90b  two  possible 
of  the  extent  Ox^  and  0x2,  forming  respectively 
and  Tt  —  ajf  with  the  line  Ox*,  and  the  cor- 
two  directions  of  drop  Oyj  and  0y2*  The  signs  of 
«£  and  Y1  are  determined  by  the  signs  of  the 
of  the  vector  of  descent  Oyx  or  0y2  respective- 


251 


r  ~L  "1 

ly  on  the  directions  Ox  and  Oy*.  From  the  diagram  it  is 
seen  that  when  0<®i<-ir  we  *"iave  and  y>0;  for 

v;e  have'  «>0  and  f  < 0,  '1.  e.,  for  Doth  values 

of  w>  ,  which  are  roots  of  the  Bq,  (31)  the  signs  of  the 
angle  V  are  different.  Comparing  the  signs  of  the  angle 
y,  obtained  for  both  values  of  the  root  »>  with  the  sign 
of  the  same-  angle  obtained  by  formula  (29 5?  we  can  choose 
the  physically  real  root  »• 


Table  6  indicates  the  signs  of  the  angles  &  and 
y  for  all  values  of  v  from  0  to  2*- 


t- 


Table  8 
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ASHM>-T  npHjiRJlH  j  ft 
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i  v' 
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4- 

!  1 

!  »  —  w . 1  <3 

1 

i  ^ 

.Hrr  j 

1 

+ 

! 

!  . !  — 

^  i 

Sir  ! 

0 

0 

[  3?r  ,  ; 

*y*  <  w  <  2  TC  .  .  .  .  ;  — 

i 

+ 

1)  Azimuth  of  the  nrofile. 


From  an  examination  of  this  table  it  is  seen  that  the 
ratio  of  the  signs  of  the  angles  A  and  1,  is  different  for 
two  values  of  «  which  are  roots  of  the  Sq,  (31)*  Thus* 
making  use  of  the  sign  rule,  it  is  possible  to  determine  uni¬ 
quely  the  physically  real  root  of  the  Eq,  (31)?  i*  e*f  to  de¬ 
termine  uniquely  the  direction  of  extent  of  the  separation 
boundary.  Knowing  the  direction  of  the  extent,  it  is  possible 
to  determine  graphically  the  direction  of  the  drop  of  the 
r  ef r ac t lag  boundary • 

Determination  of  the  boundary  velocity  The  limi* 


ting  angle  1x2  is  determined  by  means  of  two  opposing  longi¬ 
tudinal  holographs  simultaneously  with t he  determination  of 
the  angle  as.  Calculating  with  the  aid  of  formulas  (27)  the 
value  of  ix2?  and  knowing  the  velocity  ,  one  determines 
the  boundary  velocity  Vp„ 
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p«v  -  t  h— | 

Determination  of  the  depth  of  the  refracting  boun¬ 
dary  .  The  depth  H  of  a  plane  refracting  boundary  along  The 
normal  under  the  point  0  of  intersection  of  longitudinal 
and  transverse  profiles  are  determined  from  the  formula 


H 


V«!i  (i. 


'  *1 


7  cosi'u 


Knowing  the 
of  inclination  <? 
along  the  vertical 


depth  H  along  the  normal  and  the  angle 
j  it  is  possible  to  find  the  depth  E,r 
by  means  of  the  formula 


H _ 

c  os  cp 


(33) 


Jtf  h)  ~  -f  X  tg«' , 


(34) 


where  a'  is  the  angle  of  inclination  of  the  separation 
boundary  in  the  vertical  plane)  passing  through  the  line 
joining  the  two  points  AB  under  consideration  (Pig,  88), 
and  3c  is  the  distance  between  the  tv/o  points, 

fho  angle  &  is  connected  with  die  angle  of  drop 
.  ? ...  and  the  azimuth  of  the  considered  line,  reckoned,  from 
the  direction  of  extent  of  the  separation  boundary,  by  the 
f  o  j.  j.o  >v  j  ii  ;.'.  r  el  a  o  xoi.t 

tga/  tg  y  sin  tu  ) 


an  d  c  on  s  equent ly 


tfg  fc)  -  Hb  (o)  -h  X  tg  4  •>»* 


!ii 


(35) 


(36) 


Formula  (36)  makes  it  possible  to  determine  at  any  point 
the  depth  of  a  plane  refracting  boundary,  if  the  depth  K 
ana  the  angles  <p  and  «.  are  calculated  for  one  point  of 
|.tnis  boundary. 


253 


3*  Interpretation  of  Transverse  Hodogr&phs  in  the 
Case  of  a  Single  Boundary  at  Constant  Velocities 

V~l  and  lo 


Oat  ho  determination  of  the  difference  in  ,aeptn_sS 
different  points  of  the  transverse  profile*  Under  the  as¬ 
sumptions  regarding  the  structure  of  the  medium  as  indica¬ 
ted  in  Section  1,  the  difference  in  depth  A  H  of  the  re-  i 
fr acting  boundary  at  the  zone  of  emergence  of  the  rays  ' 

from  the  second  medium,  determined  from  the  two  points^ A 
and  B  of  the  transverse  profile  (Fig,  91  and  92)  equally 


remote  irora  tr 
fo  1 3.  owing  for  mil  a 


point  of  explosion,  is  expressed  by  the 
3,  4]  i 


&H  A  Ac. .A 


i-  §  - 


where 


difference  in  time  ci 


arrival 


(37) 


the 


two  points  under  consideration?  i- 


sin-1  ( vp/Vh)*.  V- 


n  p  —  -*-1*  -  ' '  X*  ”p''?  'i 
and  %  are  respectively  the  velocity  in  the  covering  me¬ 
dium  and  the  boundary  velocity  in  the  refracting  layer. 


A  . 


Fig 


O’i 


\&0 

Scheme  of  location  of  the  point  of.explo* 
to  the  line  of  transverse  profile.  The 


,  ion  0  relative  _  _ —  _  .  _  ...  _  . 

point  A  and  B  are  at  equal  distances  from  the  point  of 


explosion 


*  depths  of 


Fig»  92.  Determination  of  the  difference  E  of  the 
s.e  refracting  boundary  at  the  points  M  and  D  ofj 


2q4 


j 


.1.. 


gence-of  the  seismic  rays  from  the  refracting  lay 
es ponding  to  the  points  A  and  B  of  the  transverse 
I'ho  1  •!  ~  -  in  f.hp  lino  nf  ecraal  times  C 


1 


const 
ext  ending 


is  the  line 


of  equal  times  of 


the  emergence 
er,  con 

profile#  The  line  .  — -  —  —  -  ,  - 

arrival  of  the  wave,  extending  in  the  refracting  layer*  The 
solid  line  -  the  trajectory  CMA  of  the  rays  of  the  wave, 

point  A*  The  dotted  line  is  the  t: 


arriving 


;ne 


DB  of  the  rays  of  the  wave  arriving  at  the 


porn. 


B. 


g ectory 


•hr 


If  the  observations  are  carried  out  along  a  straigl 
-line  transverse  profile,  the  points  of  which  are  located 
at  different  distances  from  the  point  of  the  explosion,  then 
under  the  assumptions  indicated  above  with  respect  to  the. 
constancies  of  the  velocities  V-,  and  and  with  respect,  to 
the  structure  of  the  medium  in  the  zone  between  the  point 
of  explosion 

the  times  of  arrival  of  the  wave  at  the  different  points  of 
the  profile  is  caused  by  two  factors: 


mci  the  lines  of  the  profile,  the  difference  in 


1)  the  change  in  the  relief  of  the  refracting  boun¬ 
dary  in  the  zone  of  emrgence  of  seismic  rays  from  the  se¬ 
cond  medium  $ 

2)  differences  in  the  distances  from  the  point  of 
explosion  to  t he  different  points  of  the  profile* 

In  order  to  determine  the  relief  of  the  refracting 
boundary  in  the  zone  of  emergence  of  the  rays  from  the 
second  medium,  it  is  necessary  to  eliminate  from  the  ob¬ 
served  difference  in  times  n  t  of  the  arrival  at  the 
different  points  of  the  profile  the  difference  of 


times 


n  to,  due  to  ihe  differences  in  the  distances  from  these 


points  to  the 
tion  in 
ferent 


3  wie  point  of  explosion.  To  eliminate  the  var la¬ 
the  distance  frorathe  point  of  explosion  to  the  dif* 
of  the  transverse  profile,  we  introduce  the 
hodograph. 


nti 


pel 

concept  of  the  norma1 


he  normal  hodograph.  A  normal  transverse  hodograph 


is  called  the  curve  of  difference  and  time  of  arrival  of 
the  refracted  wave  at  different  points  of  a  straight-line 
transverse  profile,  calculated  for  the  case  of  a  horizon¬ 
tally  refracting  boundary.  The  equation  of  the  normal  hodo 
graph  has  ths 


following  form 

/<+f0 


A 


n 


(38) 
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where  R  is  the  distance  from  the  point  of  explosion  to  the 
profile,  measured  along  the  perpendicular  to  the  line  of 
the  profile  (Fig.  9X)|  x  is  the  distance  from  the  base  of  , 
the  perpendicular  to  any  point  of  the  profile* 

The  normal  hectograph  (38)  characterises. the  varia- 
tion  in  the  time  of  arrival  along  ’-he  line  c d  tun  v.rs .ah- 
vers»  profile  only  due  to  the  change  in  the  distance  from 
the'  point  of  explosion  to  t  he  different  points  of  the  pro-! 
file* 

For  convenience  in  interpretation,  it  is  necessary 
to  construct  templates  of  normal  hodographs  (Fig.  93)*  Sh 
those'  cases  when*  on  different  transverse  profiles  one  as¬ 
sumes  one  and  the  same  value  of  the  distance  E  to  the 
point  of  explosion,  and  when  the  waves  registered  are 
characterized  by  different  values  of  the  Boundary jrelo- 
city  Vp.  one  c  onstrncts  a  template  of  hodographs  for  a 
specified  value  of  R  and  for  different  values  of  the  pa¬ 
rameter  Vk*  In  those  cases  when  the  used  distances  R  are 
different  and  on©  wave  with  &  constant  velocity  Vb  i®  tra— 
cod,  a  template  is  constructed  for  a  specified  value  of 
Yh  and  for*  different  values  of  the  parameter  R*  Finally, 
several  templates  of  normal  hodographs  are  constructed  in 
those  cases* when  several  waves,  corresponding  to  separa¬ 
tion  boundaries  with  different  values  of  Vp  are  traced, 
or  when,  the  values  of  Vb  for  one  and  the  same  boundary  are., 
different  at  different  sections  and  the  employed  distances 
R  are  also  different . 

jSl i m  inat  1  on  of  the  normal  .hMojrraph*  To  eliminate 
the  influence  of  the  variation  of  the  distance  from  the 
point  of  explosion  to  different  points  of  the  transverse 
profile  on  the  shape  of  the  observed  holograph,  it  is 
necessary  to  substraet  from  t  he  observed  holograph  the 
normal  hodovrauh.  The  normal  and  observed  hodographs  are 
plotted  in  the*  same  scale  as  indicated  in  Chapter  V  for 
the  construction  of  longitudinal  hodographs .  The  elimina¬ 
tion  of  the  influence  of  the  distance  is  carried  out  in 
the  following  manner.  On  the  template  of  the  normal  hodo¬ 
graphs  one  chooses  a  hodo graph  constructed  for ^ that  value 
of  R,  at  which  the  observed  holograph  was  obtained,  and  for 
that  value  of  the  boundary  velocity  Vfo*  This  normal  hodo- 
graph  is  substraet ed  graphically  from  the  observed  one.  The 
substruction  is  performed  in  the  following  manner:  any  one 
point  of  the  observed  holograph  is  made  to  coincide  with 
the  point  of  the  normal  hodograph,  located  at  the  same  , 


distance  from  the  points  of  explosion  (Fig*  94)*  One  de¬ 
termines  graphically  the  difference  in  time  a  ti  for 
all  the  points  of  the  observed  and  normal  holographs ,  lo¬ 
cated  at  equal  distances  from  the  point  of  ex¬ 
plosion*  The  obtained  values  '  under  the  assumptions 

made  above  can  be  ascribed  in  their  entirety  to  the  relief 


Fig.  93*  Template  of  normal  holographs,  constructed  * 
for  a  constant  value  of  the  velocity  the  parameter  of 
the  family  of  curves  is  the  distance  E  from  the  point  of 
explosion  to  the  line  of  the  profile. 

1 )  V-D2  =  5km/ sec* 

"~Ur 
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Fig*  94.  Elimination  of  the  normal 
.from  the  observed  holograph  t0t>s. 


holograph  tnor 
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clary  in  the  zone  "of  emergence*  Aft 


1 


“1 

Det erminat ion  of  the  relief  of  the  refracting  boun- 

subs tract lag  the  por¬ 
ch  point 
points  of  • 

the  refracting  boundary  in  the  zone  of  emergence,  relative 
to  the  point  M  of  the  separation  boundary  (fig#  95)*  to 
which  corresponds  the  point  A  of  the  observed  ho&ograph, 
made  to  coincide  with  the  point  of  the  normal  ho do graph. 
For  this  purpose  the  quantities  a  ti?  obtained  after  _  j. 
substracting  the  normal  hodograph,  must  be  multiplied*  in 
accordance  with  formula  (37),  by  a  factor  Vi  (cos  i-to;. 


i 


As 

re; 


a  result 


tx  iOUUUi  i  !  Xj^gj  , 

of  such  calculations  one  obtains  the -relative 
of  the  refracting  boundary  in  the  zone  of  emergence, 


nroi .  . . _  - 

the  case  of  transverse  profiles*  The  depth  for  a  certain 
point  of  emergence,  or  simply  depth  at  a  certain  point, 
will  be  called  from  now  on  the  depth,  measured  from  the 
point  A  of  the  transverse  profile  to  the  horizontal  line 
passing  through  the  point  M  of  emergence  of  the  seismic 
rays  from  the  second  medium  (Pig*  95)*  The  depth  Kq 
reference  point  can  be  determined  from the  data  of 


at  the 


gitudii 

rial  profile 

or  from  boring  data* 

The  depth  ; 

1%  at  any  point  of  the 

ted  from  the  formula 

Ai-  -  •  Ht)  A//^. 

where 

A.  H>  is  t 

he  difference  in  depth 

in  the 

reference 

points  of  the  profile* 

Represents 

tlon  of  the  results  of 

(39! 


the  determination  of 


transverse  holographs  *  as  already  indicated,  one  determines 


the 


lief  of 


'!  «s 


gen.ee  ox 
q  iK?  ntly , 


as  Cki,JL’*3C5.lX^  XiiUiWOV<S«j 

refracting  boundary  in  the  zone  of  emer- 
the  seismic  rays  from  the  second  medium#  Conse- 
,  the  points  of  the  refracting  boundary,  for  which 
the  depths  are  calculated,  do  not  lie  strictly  speaking  in 
a  single  plane#  However,  to  obtain  a  clear  representation 
of  the  shape  of  the  refracting  boundary  in  the  interpreta¬ 
tion  of  transverse  holographs,  one  plots  a  section  in  one 
vertical  plane  ~  the  plane  passing  through  the  line  of  the 
i  transverse  nr of lie#  This  construction  is  later  on  used  to  j 
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plot  the  depths  on  the  map.  As  will 
an  arbitrary,  method  of  representing 
possible  in  many  cases  to  determine 
nation  of  the  refracting  boundaries 
racy. 


be  shown  below,  such 
the  sections  makes  ;V 


angles 

V  C?  1  ;  V  'V*  i‘  S>. 


X 

kj 

X. 


”1 


rence  point 


Fig*  95*  Determination  of  the  depths  Hq  in  the  refe 


The  representation  of  the  results  of  the  determine 
by  means  of  the  transverse  holograph 
breaks  up  into  two  stages: 


-ion  of  uhe  depth 


1)  construction  of  the  section  in  the  vertical  plane* 
passing  through  the  line  of  the  profile 5 

1)  plotting  of  the  depths  or  markers  of  the  refrae- ' 
ting  boundary  on  the  map*  Let  us  stop  to  examine  each  of 
t h  e  $ e  o per  at ions  * 


of  the 


refraC' 

,9  .  .-V  , 


he t ho as  of  constructing  the  section  by  means 
transverse  profile.  To  construct  the  section  of  the 
ting  boundary  it  is  necessary  to  construct  first  a  leveling 
section  of  the  surface  of  observation  along  the  profile  line 
The  calculated  depths  must  be  laid  off  directly  from  the  le¬ 
veling  s  act ion. 

The;  construction  of  the  section  can  be  carried  out  by 
two  methods:  1)  with  allowance  for  the  lateral  deviation  of’ 


the  seismic  rays  from  the  vertical  piano  passing  through  the 
observation  perpendicular  to  the  lines  of  the’trans 


point  o 
vers* 

X  \Ji  X  , 


profiles  2)  without  allowance  for  the  lateral  devia- 


•st  method.  From  each  point  on  the  profile  line 
a  circle  is  drawn  of  radius  ecmal  to  the  depth 
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A. 


w  calculated  for  the  given  point  (Fig*  96a) »  ^e  enve*- 
lope~of  this  family  of  circles  represents  the  sought  r 

fr acting  boundary* 

Second jaethod.  The  calculated  deptha  are^  laid  oil 
along  thTVSrtlcal  under  each  point  of  the  pro.^c,  and 
a  curve  is  drawn  joining  the  ends  of  the  la^a  on  -egmenws 

,  (96b).  j- 

A  comparison  of  the  accuracy  of  the 
th*  angle' of  drop  in  the  vertical  plane  passing  whrouji 
thpVin<=  of  the  nr  of  lie  by  both  methods  has  been -carr^ea 
ou?  tf?e?9r^ceP[?i  for  l  plane  ir^llned/efraotingho^- 
dary.  This  comparison  has  shown  that  the ^ormei ^  m.thoa  in 
sures  greater  accuracy  in  two  cases*  1;  waentae  oire- .ion 
0f  the  n^oflle  is  close  to  the  direction  oi  ohe  drop  o- 
the  refracting  boundary}  2)  when  the  direction  of  the  pro- 
fil0  differs  from  the  direction  of  the  drop,  wherein  tn« 
separation  SomI?ry  drops  from  the  point  of  explosion  in. 
a  direction  towards  the  line  of  the  proiile. 

.  The  second  method  of  construction  insures  a  greater 
accuracy  of  the  determination  of  the  angle  o*  ^id  inc " 
those  cases ?  when  the  direction  of  the  piofi^e  uiiier,  ^ro 

the  direction  of  the  drop  of  the  fhl  point 

the  refracting  boundary  rises  in  a  direction  f^m  t hc  po^ 
of  explosion  towards  the  line  ox  the  profile.  In  pj.act-.ca  , 
the  former  method  is  mostly  used* 

In  the  construction  of  sections  by  means . of  trans- 
hodograuhs.  the  same  scales  are  used  as  in  yhe  con** 
st ruction  of  sections  by  longitudinal  hodographs  (Chapter 
V). 

Plotting  of  the  points  of  the._r.e|ractin^^ir^lary; 
r?  o+  r-r  k  ined^Dvthe  transverse  profile^,,  on  the^deutn^a^^ 
ZTthtwrt^x-^srmen  loc^m  the  depths  Cor  equal- 
y pA'VAVy "i  i nas )  of  the  points  of  the  refracting  oouaocu-j  on 
a°m-^p)r plotted,  from  a  section  constructed  in  the  vertical 
plane  pissing  through  the  line  of  the  profile,  it  is  neoes- 
■  -  •  account  the  corrections  for  uhe  de^Ia^ion 
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customarily  called  drift  in  seismic  prospecting.  *n  uh-  in 
terrr station  of  the  transverse  hodographs  there  are^noc 
wnough  data  for  an  exact  calculation  of  the  magniunae  of 
the  drift.  It  becomes  therefore  necessary  to  use  approx i-  , 


2k0 


drift. 
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mate  methods  of  calculating  the 


Pig#  96#  Construction  of  sections  by  transverse  hodo- 
graphs  with  allowance  of  the  lateral  deviation  of  the  seismic 
rays  (a)  and  without  allowance  of  the  lateral  deviation  (b)» 


To  calculate  the  drift  it  is  necessary  to  perform  two 
operations;  1)  determine  the  magnitude  L  of  the  drift  at  each 
point  of  observation,  2)  choose  the  direction  in  which  the 
calculated  magnitude  must  be  laid  off  from  the  corresponding 
points  of  observation. 


Determination  of  the  drift  values  L-? .  The 
the  drift  can  be  approximately  calculated  from  the 
for  the  horizontal  separation  boundary 


value  of 
formula 


U  ~  H  i  ig  h 


(40) 


where  H*  is  the  depth  along  the  vertical  under 
point  or  the  profile  (Fig, 


95). 


the  1-th 
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Choice  of  the  direci 


Ln  which  il 


nxcude 


necessary  to 


the  drift.  In  the  general  case  the 


projection  on  the  surface  of  observation  of  •"’the  point  of 


wu  -  __  - -  __  —  - «... 

emergence  of  the  seismic  ray  from  the  second  medium  does  not 
lie  on  the  straight  line  during  the  point  of  explosion  with 
the  point  of  observation-.  Consequently,  the  magnitude  of  the 
drift,  strictly  speaking*  should  be  measured  in  a  direction 
different  from  the  line  joining  the  point  of  observation 
with  the  point  of  explosion* -However*  in  the  interpretation 
of  transverse  hodographs  there  are  not  enough  data"  for  the 
determination  of  the  true  position  of  the  point  of  emergence 


the  r? 


ana 


uisequently  to  determine  the  true  direction, 
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in  which  it  is  necessary  to  measure  the  magnitude  of  the 
drift.  It  becomes  therefore  necessary  to  use  an  approximate 
method,  laying  off  the  magnitude  of  the  drift  from  the  point 
of  observation  in  a  direction  Joining  this  point  with  the 
point  of  explosion*  Technically  this  is  carried,  out  it,  the 
follow ing  maun er • 

On  a  plan  containing  the  transverse  profile  and.  the 
a  point  of  explosion  (Fig0  97)  from  which  the  shooting  of  f- 
‘  this  profile  was  made,  one  lays  off  the  value  of  the  drift 
L  from  each  point  A,  B,  etc*  of  observation  along  a  line 
joining  this  point  with  the  point  of  explosion,  .If  the  sur¬ 
face  of  observation  represents  a  horizontal  plane,  then 
near  each  point  A*.  plotted  in  the  indicated  manner  on  the 


»  «£  V*-  l 
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H*  corresponding  to  this  point.  If  the  surface  of  ^observe- 
t ion  differs  from  the  horizontal  plane,  then  the  depth^ of 
refracting  boundary  Kj_,  calculated  for  the  points  of  ob¬ 
servation  i,  will  differ  in  general  from  the  depth  Hr:  of 
the  boundary,  determined  along  the  vertical  at  the  point 
of  emergence  e  of  the  seismic  radiation  from  the  second 
medium. "corresponding  to  t he  point  i  of  observation  (Fig* 
98).  Therefore,  in  the  presence  of  a  surface  relief  it  is 
necessary  to  write  near  the  points  plotted  on  the  plan 
not  the  depth,  but  their  markers  taken  from  the  transverse 
profile  (Fig#  96)  -  the  absolute  markers  or  the  markers 
relative  to 'a  certain  arbitrarily  assumed  horizontal  plane, 
These  data  will  be  later  on  used  for  the  compilation  of 
the  structural  map  of  the  refracting  boundary* 


is  necessarv  to  write  down  the  value  of  the  dept 


\  / 


Fig*  97.  Plotting  the  depths  of  the  refracting  boun¬ 
dary  on  a  plan  with  allowance  for  the  drift®  BA  and  Hs  - 
depths  calculated  for  the  points  A  and  B  of  the  transverse. 


„  ,1.. 

profile  and  marked  on  the  plan  near  the  points  A*  and  Bs, 
plotted  with  allowance  for  the  values  of  the  drifts  L» 
ana  Lg.  A 


1 4f.r  of  .  ine  1  lna~ 

lj^jorJuie_i,ransversQ  profiles.  An  analysis  of  the  accSP 
raoy  of  the  determination  of  the  angles  of  inclination  with 
the  aid  oi  the  described  method  has  been  carried  out  for  h 
a  plane  inclined  refracting  boundary  in  references  [2*  3*1*’ 
In  reference  [3]  the  examination  os  carried  out  as  applied 
t°  tne  case  wnen  the  length  of  the  profile  is  small  com¬ 
pared  witn  the  distance  H  from  the  point  of  explosion  to 
the  line  of  the  profile,  and  in  reference  [2]  the  anal vs is 
oi  the  accuracy  is  carried  out  for  profiles  of  arbitrary 
length,  * 


_  . .  waeJ  profile  is  short  compared  with  the  distance 

n  "ne i^olination  ^  ,  determined  along  the  sec- 
ti°n  pxo^ted  in  the  vertical  plane  ABIC  passing  through  the 

pr°fHe  999,  differs  at  inclination  angles 

on  ,w;?  o.,‘der  02  10-20°  from  the  true  angle  of  inclination 
, ,  :  in  tn®  sa®e  plane  not  more  than  2  or  30,  and  only  at 
large  angles  ox  inclination  (  ¥  >  20°)  does  the  value  of 

reaon  a  magnitude  of  7U  and  more, 

thf  v *?§  Jjhe  the  section  constructed  in 

r.-iccd  plane  ABIC,  passing  through  the  line  of  the 
pr°^j.e,  As  transferred  to  Hie  other  plane  which  we 

ftfH  ffAi  cp!>ift  plane  (Fig.  99),  Calculations  have 
?h?Vn  th9fc  ,at"  angles  of  inclination  *  <  15°  the  calcu- 
vaiue  of  the  drift  by  formula  (14-)  yields  a 
sa.*.  1  i. Chorniy  accurate  angle  of  inclination  \  in' the  drift 
ihf . d«viatlon  of  the  determined  value,*  x*  ?  from”' 

ilxf  ?£  1:ne  angl?  *  in  the  drift  plane  does 

9°r<  ^ACeen  Xv„  ac  inclination  angles  ?'>  15'°*,  in  order 
to  prevent _  distortion  of  the  inclination  angles,  the  value 
ox  L  as  determined  by  formula  (40)  must  be  multiplied  by  a 
certain  coefiicienc-  n,  the  so-called  coefficient  of  opti- 
mum  arift,  Tne  magnitude  of  the  coefficient  11  depends" on 

-inclination  <p  and  on  the  location  of  the  pro- 

bSurv^;;;fA,J'isy  u?,tno  a£recHon  ?f  the  dr°p  of  the  refracting 
bounder} •  »nen  tne  refracting  ooundary  drops  from  the  po^t 

of  explosion  towards  the  line  of  the  profile,  and  n  ViT" 
ana  in  rhe  case  of  a  rise  a  <  1  [3],'  9 

■rn..,h,  ,  ^  ibf  case  °£  Profiles  of  arbitrary  length,  this  , 
Lae*.hOw  oi  interpretation  insures  sufficient  accuracy  of  ! 


r  "L"  “l 

the  determination  of  the  angles  of  inclination  in  those 
cases* 5  when  the  angle  of  inclination  is  *<'  1 At  lar¬ 
ger  angles  of  inclination,  when  using  this  method,  the  angle 
of  inclination  is  not  only  in  .error,  hut  the  atraight-line 
refracting  boundary  becomes  carved*  This  curvature  is  parti¬ 
cularly  significant  in  the  case  of  a  transverse  profile  of 
great  length  and  represents  a  serious  danger  in  the  inter¬ 
pretation,  since  it* may  lead  to  incorrect  conclusions  con- 
•j  earning  the  shape  of  the  structures  -  on  the  leveling  out  r 
'  or,  to'  the  contrary*  on.  the  increasing  of  the  slopes  or 
the  wings  of  the  foldings,  on  the  presence  of  gently  slo¬ 
ping  anticlinal  foldings,  etc*  To  reduce  these  distortions, 
it  is  proposed  in  reference  [2]  that  in  the  interpretation 
of  the* transverse  holographs  one  eliminate  the  normal  hoao- 
gvgtsh,  which  differs  from* the  hodograph  determined  by  Bq. 
(36).  This  hodograph  is  called  the  average  normal  hodo-  __ 
graph  for  inclined  separation  boundary*  The  elimination  or 
this  average  normal  hodograph  from  the  observed  hodograph 
increases  the  accuracy  of  determination  of  the  angle  of 
inclination,  reduces  considerably  the  curving  of  the  re¬ 
fracting  boundary*  and  malces  it  possible  to  use  longer  pro¬ 
files  for  the  interpretation,  than  in  the  elimination  of 
the  normal  hodograph  for  the  horizontal  separation  boundary. 
We  shall  not  stop  here  for  a  more  detailed  examination  of 
this  method,  since  the  cases  of  large  angles  of  inclination 
(  *>  15° }  are  encountered  in  seismic  prospecting  prac¬ 
tice  relatively -rarely.-  •  - 
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Fig.  96*  Determination  of  the  depths  of  the  refracting 
boundary  in  the  zone  of  emergence  in  the  presence  of  a  surface 
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Figs  99*  Determination  of  the  position  of  the  plane 
ABNK  of  the  drift.  ABIC  -  the  vertical  plane,  passing  through 
the  line  AB  of  the  transverse  profiles  j'  - 
Incidence  of  the  refracting  boundary  in  -he  veraical  pl^ 
ABIC s  r*  -  angle  of  drop  of  the  refracting  Doundary,  ob¬ 
tained  in  the  interpretation  of  the  transverse  hodograph.  $ 

.  x  **  true  angle  of  incidence  of  the  refracting  Pound  ary  in 
the  df'ift  planes  "  v*  -  angle  of  incidence  in  the  drift  # 
plane,  obtained  in  an  interpretation  of  the  transverse  hodo- 
graph  with  allowance  for  the  drift. 


Det erminat ion  of  boundary  velocities  from  tra^sv,erae 
hodograpSTTaTBEr case  of  a  separation  boundary 
t  eslittle  from  a  horizontal  plane,  at  a  specified  distance 
r,  the  shape  of  the  transverse  hodograph  depends  only  on  -na 
magnitude  of  the  boundary  velocity  ¥}.J?  and  therefore  it  is 
possible  to  determine  from  the  photograpn  uniquely  the  values 
V'k.  This  determination  is  most  conveniently  carried  oo.-  by 
graphic  means.  On  a  template  of  a  normal  hodograph,  construc¬ 
ted  for  a  specified  value  of  R  at  different  values  of  the 
parameters  7v,  one  superposes  a  traced  observed  hodograph 
and  the  normal  hodograph  that  approximates  the  observed  one 
in  the  best  manner  is  selected  (Fig*  100).  The  parameter 
of  this  approximating  hodograph  is  the  sought  value  ot  the 
velocity  Y-fr, 

In  the  case  of  an  inclined  separation  boundary  the^ 


r  '  1 

determination  of  the  boundary  velocity  by  t rans verse Jiodo 
graphs*  as  shown  by  calculation,  leads  to  great 
xr  «5w»n  es  of  Inclination,  on  tn< 

uU 
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relative! v  small  angles  of  inclination,  on  the  order  of  5°. 
Therefore"  the  determination  of.  Vfc  by  means  of  transverse 
hod o graphs  is  best  carried  out  only  at  small,  angles  of  in¬ 
clination,  «<  5°.  In  the  case  of  curved  separation 

boundaries  the  determination  of  Vb  by  transverse  nodograpns 
usually  impossible  in  practice. 


is 


h 


Fig®  100.  Determination  of  the  boundary  velocity  Vb 
by  means  of  transverse  holographs.  Curves  -  normal  holo¬ 
graphs, 


points 


of 


constructed  for  R  ~  const  and  Vb 
the  observed  holograph. 


var;  circles 


4.  Interpretation  of  Transverse  Eodographs  in  the 
Case  of  Variation  of  the  Average  Velocity  with 

Depth 


in 

nuous  ( or 


prospecting  of  ra< 


,r7  -?  . . 


iharact eri  z  ed  by 


cities 


,  and 
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intermittently  continuous)  variation  o 
in  this  connection  also  of  the  aver  at 

interpret  the 


cont.  x* 
.yer  velo* 


average  velocities 


.th  depth  H,  it  is  possible  to  interprex  xne  transverse 
and  generally  the  non-longitudinal  holographs  of  refracted 
waves  with  allowance  for  this  variation. 


The  law  of  dependence  of  the  average  velocity 


depth.  V  ~  V  (H)  is  assumed  specified.  It  may  be  unown. 
example,  on  the  basis  of  summary  data  of  seismic  curettage, 
the  method 
Sec' 


on  the 


3)* 


of  reflected  waves,  and  the  CMRW  (see  Chapter  V, 
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We  shall  assume.  as  was  done  in  the  case  of  a  con** 
3tant  Telocity  (p  170  [of  source])  that  the  differences  in 
the  times  of  arrival  of  the  refracted  waves  at  points  of  , 
the  non-long itudinal  profile  which  are  equidistant  from 
the  point  of  explosion  is  due  only  to  t  he  difference  in 
the  depth  of  the  separation  boundary  in  the  region  of  re¬ 
ception,  and  that  the  boundary  is  plane  and  horizontal  in. 

,  the  region  of  emergence  of  the  ray. 

The  problem  will  consist  of  determining  the  depth 
K  and  the  drift  L  for  specified  points  of  the  non-longitu¬ 
dinal  profile,  where  the  times T  of  the  arrival  of  refrac¬ 
ted  waves  are  observed,  if  in  one  of  the  points  of  this 
profile  (or  la  any  other  point,  see  below)  the  depth  H  Is 


known 


and  is  equal  to  Hq* 


Let  t  be  the  marker  of  any  one  isochrone  on  the 
horizontal  boundary  for  the  wave  propagation  along  this 
boundary  with  a  boundary  velocity  Vj-j,  T  -  the  time  of  ar¬ 
rival  of  the  refracted  wave  at  the  arbitrary  point  of 
the  non-longitudinal  profile;  L  -  the  magnitude  of  the 
drift.  Then,  according  to  Fig,  101,  we  shall  have 


/—  L  H 

T  —  i  4-  -zr— - 

'  ‘  •  i7,.,  y  t&s  ( 


(41) 


where  V  is  the  average  velocity  ahead  of  the  separation 
boundary,  located  at  a  depth  H 


sin  y _ 


(42) 


and  t  is  the  length  of  the  segment,  shown  in  the  diagram. 
From  formulas  (41)  and  (42)  we  obtain 


H~(r~+-Y.)zs;r 


(43) 


Y/e  introduce  the  notation 


at  -~-T  —  t 


(  44 ) 


r 


n 


(4  5) 


Then  we  obtain  from  (43)*  (44),  and  (4?) 


A'f  —  ■ 


( 46  ) 


)  r 


Here  the  values  of  ¥,  i,  k,  and  A  I  are  functions  of  n. 


Fig,  101,  Determination  of  the  depths  Hj. , 


For  a  specified  law  V  =  V  (H)  and  for  a  specified  value 
of  v'b  it-  is  possible  to  plot,  with  the  aid  of  the  foregoing 
formulas,  the  relationships  between,  a.  T  and  H,  and  also  be¬ 
tween  i  T  and  L  (the  curves  H  and  L  on  Fig,  103)?  with  which 
one  carries  out  the  interpretation  of  the  data  along  the  non- 
1 c ng i t ud in al  prof il e , 

The  curve  H  =  E  (  A  t  T)  is  plotted  in  the  following 


manner,  By_  specifying  a  definite  value  of  we  find  on  the 
graph  V  ~  V  (H)  the  corresponding  value  of  Yf  next,  using 
formula  (42),  we  find  i,  from  formula  (45)  we  find  k,  and 
finally,  from  formula  (46),  we  find  the  corresponding  value 
of  a  fhe  values  of  H  and  &  T  determine  the  coordina¬ 
tes  of  one  of  the  points  of  our  graph.  We  then  specify  ano¬ 


ther  value  of  H  etc*  As  a  result  we  plot  the  cu:n 
noint  by  point. 


'H(AT) 


tv-  The  graph  L  =  L  <  T)  Is  plotted  analogously,  using 

the  following  jfosraOLa  (see  Fie.  101)  ' 


H  tg  i, 


where  the  value  of  i  is  chosen  to  correspond  with  H,  as  in 
one  construction  of  the  preceding  curve,  j. 

Assiite  that  the  point  >'  where  the  depth  H  =  Ho  is 
corresponds  to  the  quantities  i  5  T  and  ,  iT.  and 
tnat^tne  point  x^  where  we  wish  to  determine  the  depth 
f  ~  X1G  the  drift  L  a  Lj  corresponds  to  the  Quantities 
.n,  and  A.  T- We  write  out  for  these  two  points  eaua- 


ions  ‘“analogous  to  (44) 


A  T  .1*  4  , 

Ai  c?  1  o  — *  *  V-"' 

■  r ' 

A?  ;  F;  --  f  -  •  A. 


(47) 


de  note  that  the  quantities  Mo  and  M.  are  fully 
dwi,er rained  by  the  deoths  at  the  corresponding  points. 


_  Big,  102.  Determination  of  a  T:  t(x)  -  observe 
nuaugrapni  un  - .normal  hodograph. 
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l:  Xg  «  103  * 
det erminat ion  of 


Curves  K  ( Zi  T )  and  L 
the  depths  Ha  and  the 


=  L  ( f )  for  the 
drifts  Lj_« 


Let  us  sub  struct  these  two  equations  term  by  term.® 
As  a  result  we  obtain 


Ati  •=?  At;  -  ATC  *fri~T0)  ~ 


—  4 


The  last  term  in  this  equation  represents  the. difference  in 
time  on  the  normal  hodograuh.  between  the  point  x.*  o.i  the 
non-longitudinal  profile,  at  which  it  is  required  to  deter¬ 
mine  Hi  and  Lj,  and  the  point  xq,  where  the  quancx^y  H  -  Hq 
is  knot 


(Fig! '102) 


'  r \  o  A 


det  s 


***>,  termination  of  the  values  of  H*  and  by  trie 
graph  of  Fig 9  103  is  carried  out  in  the  following  manner* 
Placing  together  the  point  of  the  normal  holograph  with 
that  no 3 nt  xo*  To  of  the  observed  holograph,  where  the 


d  e  nth 


U 


is  known*  \ 


?e  find,  as  shown  in  Fig*  102.  the  dif- 


V?  x  uu  **»**.%<■*  <».*.*.  *  -4"c'  v  „ 

fer-ence'' in  times  A  tj  between  the  observed  and  normal 
holograph  at  the  considered  point  x*  of  the  profile. 

^iUniinp’  now  to  the  graphs  on  Fig*  100  we  find  on 
the  curve  K  (  £*  T )  the  point  corresponding  to  the  depth 


[A,  and  we  note  on  the  axis  ZX  T  Its  abscissa  ATq,  We 
,fe'v  the  segment  ZX  t-r  from  the  point  1V,«  and  find  the 


abscissa  ZVIb  of  - this  point  of  the  curve 
ordinate  of  which,  K-u  Is  the  sought  one# 


Z—.A  X  ^  a  <UAU  t.  „ 

-,U  7  /  Jx  r*: 

curve  B,  i  Zx  x 


Thus*  the  depth  Hi 


been  determined.  The  drift  L-* 


is  determined  as  the  ordinate  of  the  curve  L  ihiTij  cor* 
responding  to  the  same  abscissa  ZX,  T*. 

h 

The  construction  of  the  section  over  the  transverse1 
profile  for  known  values  of  Bj*  and  the  plotting  of  the 
points  of  the  plan  in  the  construction  of  the  map  of  the 
equal  depths  with  allowance  for  the  drift  L±  are  carried 
out-  in  the  same  way  as  described  in  Section  3  of  this  pre¬ 
sent  chapter. 

It  must  be  noted  that  this  method  can  be  used  for 
the  interpretation  of  not  only  the  transverse*  but  also  any 
non~i ong itudinal  or  radial  holographs.  In  the’ latter  case 
tlx  a  normal  holograph  will  represent  a  straight-line  holo¬ 
graph  for  s.  plane  horizontal  separation  boundary.  The  same 
method  of  determination  of  the  depths  Rf  and  the  drifts  L± 
in  the  case  of  a  variable  velocity  can  be  used  also  for  the 
interpretation  of  isochrone  maps ,  with  the  subs tract ion  of 
the  normal  hodo graph  from  the  observed  one  for  the  determi¬ 
nation  of  Zh  t;?_  at  any  point  (x±9  yq  }  on  the  plane  being 
carried  out  in  exactly  the  same  way  as  in  the  case  of  the 
constant  velocity  (see  Section  6  of  the  same  chapter). 

*?.  Interpretation  of  Transverse  Holographs  in  the 
Case  of  Knit Iply-Layered  Media  with  Constant 

Velocities 


the  analysis  of  the  problem  of  interpretation  o:i 
holographs,  obtained  in  the  study  of  multiply- 
dia,  we  shall  confine  ourselves  to  the  following 
which  are  most  frequently  encountered  in  pr ac¬ 
he  average  velocity  ahead  of  each  of  the  refr&c* 
aries  is  constant  along  the  line  of  transverse 
2)  the  average  velocity  ahead  of  the  refracting 
bongos  along  the  line  of  the  profile  in  connec- 
a  change  in  the  thickness  of  the  different  Xayeo 
ha  investigated  boundary. 

first  case  is  quite  frequently  encountered  In 
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influences  the  magnitude  of  tne 
t  w„.  the  lower-lying  refracting  town- 
a^v,*c;c:  Tn  the  case  tinder  consideration  the  interpret  at  ioxi 
^otur  transverse  hodogranhs.  corresponding  to  u  he  dxl*et 
v*  e  r>t,  <*'»Wation  boundaries  in  a  multiply-layered  medium, 
is  carried  out  with  the  aid  of  the  method  uescrioea  in 
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nn-,.->  qC^ond  method  is  usually  encountered  xn  tn 
v,,q+  4 f stU’B o---*  media  which  differ  from  hor i sent aliy-s era- 
t  if  led  and  which  consist  of  relativ^v  t-nic^ 
different  velocities*  In  this  case5  in  tne  interpretation 
of  the  transverse  holograph  corresponding  to  a  certain 
separation  boundary  it  is  necessary  ;co  *ajse 
the  refraction  on  the  boundaries  ox  one  layers  iw.eicfca 
■h  p  '  Wp,  ex^r>e  polos/  the  methods  of  interpretation  ox 
tC  transverse  hodogra^  for  this  c^e  those  assump¬ 

tions  regarding  the  structure  of  the  modiiaa,  whicu 


d  i  s  cus  sed  in.  Sees  ion  X  • 

?n  t  ho  cause  of  Milt  inXy-s  t  r  at  if  ied  media  it  is  assti- 
med  in  the  interpretation  of  transverse  hodograpbs^  as  in 
the  interpretation  of  longitudinal  hodographs  ^.ch&p^er^  v  j* 
that  hodopraT^is  have  been,  obtained  .for  all  the  separation 
propel  nr1*  eg,  located  above  the  investigated  ootmdary  ^  anu  ^ 

the  higher  l>otmclaries  can.  be  detenoi- 
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Under  the  assumptions  indicated  above  regarding  the 
of  the  time  of  arrival  x  ■  of  the  wave  to  the 
er&trix  ill1  (Fig®  104)  of  the  vertical  cylinder 5  the  di-f¬ 
ence  A  t  of  the  times  of  -arrival  of  the  wave,  refracted 
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tarnsverse  profile,  can  be' written  in  the  following 


Ah 


AW, 

{/  .13  1 


AW, 


cos  /j3; 


Vi  X  t,V 


«**  ri  r-.  ^ 


H1  ~  H;tk  “  Hli  0Jld  A-  h2  ~  H2k 
fercnce  in  the  thicknesses  of  the  corres 

first  layers  in  the  zone  of  emergence  of  the  seismic  ra 
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If  the  observations 
t  r  ansverse  nrofile , 


are  carried  out  along  a  straight -line 
then  in  order  to  eKelti.de  the  influence 


of  the  change  in  the  distance  from  the  point  of  explosion 


to  the  different  points  of  the  profile  on  the  course  of  the 
holograph ,  it  is  necessary  to  subs tract  from  the  holograph 
the  normal  holograph  corresponding  to  the  horizontal  separa¬ 
tion  boundary  constructed  for  the  boundary  velocity  1 In 
this  case  expression  (4-9)  represents  the  deviation  of  tihe 
observer!  holograph,  corresponding  to  the  second  separation 
boundary,  from  the 'normal  holograph*  Assuming  that  the  hodo- 
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determined  f rom  ^formula  (375,  i-i sin*"1 
quantity  k  =  -JrJ-  is  close  t  enmity, 
in  particular  ax  "nearly  equal  values 'of 
%3,  or  if  VU/Vb2  1  and 


and 


1?  then  formula  (50)  can* be  represented 
accuracy  in  the  form 
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of  the  t 


104«  Deter 53 fixation  of  tiie  difference:  in  the 


ana  i£ 


. . . _  _v .  _  p  for  the  point 

i rans verse  or o file*  located  at  ecyaal  distance  from 
the  point  of  explosion*  The  line  « V  =  const  is  the  line  o:i 
equal  times  of  arrival  of  the  v/ave,  propagating  along  the 
boundary  of  the  third  layer*  The  solid  line  is  the  tra«ec* 


second  layer  1  A.  H 


tory  of  the  rays  o 
dash-dot  line  i- 
approaching  the  point 


■p  the  wave,  approaching  the  point  kf  cne 


he  trajectory  of  the  rays  of 


wave 


In  this  case,  for  points  of  profile 


J_  Cvi 


k  which  are 

ecmi distant  from  the  point  of  explosion,  the  difference 
A  Hi?  &  in  the  thickness  of  the  second  layer  is  proportion 
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s.X  to  the  increment  ,i n  the  difference  between  the  times 
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corresponding  to  the  first 
(Fig*  105) . 


determined  by  the  iiodograph 
nd  second  separation  boundary 


formula  (50*  or  by  means  of  formula  (51) 
we  calculate  the  difference  in  thickne; 
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of  the  second  layer  for  different  point s_ of  emergence 
seismic  rays  from  the  refracting  layer,  Showing  the 
for  one  of  the  points  of  emergence,  it  is 
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means  of  formula 


hie  construct  ion  of  the  section  of  the  second  relrac* 
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»y  in  the  vertical  plane,  passing  through  the  line 
de,  is  carried  out  with  the  aid  of  the  second  of 
described  above  in  the  construction  of  a  single 


--  } 
br-nnA^r  CF^e.  106),  and  in  this  construction. 
?hfqStn?it^fH2' are  ilia  off ’from  the  cowe.ponfltag  point* 
of  the  first  refracting  boundary  (Fig*  106). 


Fig*  105,  Determination  of  the  difference  in  thick" 
h.  Ho  for  the  points  i  and  k  at  [«b  . 
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f '■  N. 


f  !  py 


Fig*  106,  Construction  of  the  section  by  means  of  the 
transverse  ho do graph  in  the  cas®  of  two  refracting  boundaries 


the  vs 


To  plot  the  obtained  depths  on  the  map,  one  calculates 
alue  of  the  drift  in  accordance  with  the  formula 


L  r  -r  /-/,  tig  Ws  T  ^2^** 


(52) 


In  the  case  of  a  horizontal  surface  of  observation,  the 
points  for  which  the  depths  H  =  Hj  +  Hp  are  plotted  on  the 
map  by  the  same  method  as  in  the  case  of  a  single  refr&c~ 
tine  boundary.  In  the  presence  of  a  surface  relief,  which- 
frequently  takes  place  in  the  seismic  prospecting  process, 
it  is  necessary  to  mark  the  map  not  with  deoth,  but  with 
j  absolute  or  relative  markers  of  the  points  of  the  refrac-  j 
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ting  boundary* 

FtO tini  v-laver sd  medium*  In  the  case  of  a  multiply- 
layered’lSSS'  Tithe's  epar  at  ion  boundary  one  can  unite  the 


layered  meaiiM  wxwi  <*  esp-i 
following  system  of  equations 
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t],  (k  r.  1,  2 5  «.*)  is  the  deviation  of  the  obser- 
»raph.  corresponding  to  the  k-th  separation  boun- 
m  the  normal  ho do graph  with  the  same  boundary  velc- 
s  Hi.  is  the  increase  in  the  thickness  of  the  k-th 
'the  zone  of  emergence  relative  to  a  certain  arbltra. 
sen  point  of  emergence?  ilk  ~  sin**--  Jbk  ls 


After  determining  successively  the  values  of  A  li]r 
fox-  each  of  the  layers  and.  after  knowing  for  each  of  the  t 
layers  the  reference  value  of  the  thickness  Hk  at  on©  poinc, 
it  is  posf-ibl  e*  by  us  in*?  the  methods  indicated  above,  to 
construct  the  sections  for  all  the  refracting  boundaries 
alone-  the  entire  transverse  profile*  It  is  necessary  to  re¬ 
member  here  that  the  boundaries  shown  on  the  section  in  one 
vertical  plane  actually  do  not  lie  in  one  plane,  and  the 
construction  of  the  section  is  essentially  only  an.  auxi- 
li&ry  operation,  necessary  for  the  plotting  on  the  map  of 
the  points  with  the  calculated  value  of  depths  or  the  mar¬ 
kers*  of  the  refracting  boundaries* 

The  magnitude  of  the  drift  in  the  case  of  a  multi¬ 
ply-layered  medium  le  determined  from  the  approximate  for- 
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f  the  drift  is  performed  as  indica- 
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ted  in  Section  3  in  the  examination  of 
boundary. 


s  in?:  3.  e  s  soar  at  ion 


6.  Interpretation  of  the  isochrone  Map  in  the  Case 
of  One  Refracting  Boundary  at  Constant  Velocities 

Tx  and  ?b 

j~ 

In  the  case  of  area  surveys  with  one  common  explo- 
sion  point,  if  is  possible  not  only  to  interpret  separately 
the  data  obtained  on  each  of  the  profiles,  representing  the 
elements  of  the  area  survey,  but  also  to  interpret  simulta¬ 
neously  the  data  obtained  over  the  entire  system  of  profi¬ 
les.  Unlike  the  profile  measurement,  at  which  one  interprets 
hodo graphs  along  the  observation  line,  i.  e,,  linear  ho&o- 
gr.aphs,  In  the  case  of  area  surveys  one  interprets  surface 
hodographs •  A  surface  hodograph  is  represented  on  the  sur¬ 
face  of  observations  in  the  form  of  ah  isochrone  map. 

Construct  ion  ox  the  isochrone  maps.  In  the  CMRW  in, 
area  measurement  with  a  single  point  of  ^explosion,  isochro¬ 
ne  maps,  which  can  be  interpreted  both  qualitatively  and 
quantitatively,  are  plotted.  The  isochrone  maps  are  con¬ 
structed  in  the  following  sequences  1)  a  table  is  compiled 
of  the  times  of  arrival  of  the  wave  and  all  the  corrections 
are  introduced?  2)  the  times  are  interrelated  at  the  points 
of  intersection  of  the  profiles  in  the  way  usually  employed 
in  topography!  3)  the  interrelated  times  of  arrival  of  the 
waves  are  plotted  in  plan,  and  then  the  isolines  of  equal 
times  -  isochrones  -  are  drawn;  4)  the  places  of  bis conti-  • 
realties  in  the  correlation  and  the  interchanges  of  the  wa¬ 
ves  are  noted  by  special  symbols;  in  thse  places  the  iso¬ 
chrones  are  broken* 


The  scales  of  the  maps  and  the  spacing  of  the  iso¬ 
chrones  depends  on  the  extent  to  which  the  measurement  is 
detailed.  In  the  prospecting  of  small  depths  scales  of  X  ; 
2,000  and  1  *  5 >000  are  used;  the  spacing?  used  for  the  iso¬ 
chrones  are  0*005  and  0*01  sec* 

In  prospecting  at  medium  and  large  depths,  the  maps 
are  plotted  at  1  t  10,000  and  1  i  20,000  scales,  and  the 
isochrones  are  spaced  0.02  or  0.05  sec* 

The  form  of  the  isochrones  is  determined,  on  the  one 
.hand,  by  the  change  in  the  distance  from  the  point  of  ex-  , 
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to  the  T>otnts  of  observation,  and  on  the  other 
H:;V'}.v  the  changes  in  r.iie  relief  of  the  refract. me . coon- 
f.fg„  the  velocities  Y-.:  and  ^k*  Assuming 
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•>* «•  c- i •• r- a> f»  xcip n  rt  otted  for  the  case  of  a  noTi&ont sy.  s opera¬ 
tion  boundary  at  constant  velocities  Vj  and.  v*0*  Uhder  ^ 
those  a  sumptions  the  isochrone  map  represents  a  system 
,->f  Vt,?,  of  concentric  circles,  the  center  of  which,  is  lo~. 
cat  oil'  at.  the  noliit  of  explosion.  (Fig*  107)  he  distance 
”1v  "V-etr-^en  the  neighboring  arcs  is  equal  to'  Vp  A  t, 
vh-v-,,  ‘  Vt.  ''is  th->  difference  in  'barkers  between  the  neig.a~ 

,00  ^  .jsoctoosWs,  and  7b  the  velocity  in  the  refracting 
000  ^  ^rAX  henceforth  call  this  map  the  normal  imia* 


Calculating  the  normal  field  from  the  oosrevoa  iso- 
-,r .7.  r: "•  obtain  the  difference  in  isochrone  map 
Vt,  thc‘  course  of  which  is  due  only  to  the  change  in 
gfVt.  cAr-th  of  the  refracting  bom*  id  ary* 
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calculated  by  the  method  described  for  the  case  of  a  hori¬ 
zontal  surface  observation  without  allowance  for  the  drift, 
The  marker . of  each  e-th  point  of  the  refract ing  boundary  . 
(Pigs  9b)  is  determined  from  the.  relation 


SeQ  --  —  H  j. 


To  construct  the  contour-line  map  in  this  case  one  .can  per¬ 
form  the  following  operations . 

#/  /  , 

/  ///'  / 

Af  i  /  /  / 

V  >  •  fyf  /Ilf  / 

7  /  X /  :  :  bsL  y 


/  s y  t  I  f  s 

I  It 

W  #  I 

S$V  •  •'  / 

.%  I- 

<•  *■ .  •  •  .  /:•  ,  ■  .*-* 


Pig «  3.09*  Introduction  of  corrections  for  drift 
into  the .equal-depth  map.  Dotted  lines  -  isolines  of  depth 
}i  without  allowance  for  drift?  solid  lines  -  isolines  of 
depth  H ?  with  allowance  for  drift , 


1.  As  in  the  case  of  the  horizontal  surface  of  obser¬ 
vation,  for  each  incline  with  marker  Kv  one  calculates  the 
value  .a],,-  of  the  drift  and  the  value  of  %-  is  marked  on  the 
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F1-«  **30*  Construction  of  the  contour -line  ni&p  a§ 
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The  technique  of  constructing  the  map  of  equal 
thicknesses  Hg  reduces  to  the  following  operations  • 


X.  « 

The 

i’iitii.l'.COI? 

of  the  isochrones  of  t. 

*  c  r ,  r:  h  r-  CyTi/j: 

I:;  G 11 

1  as  ponding;  to  the  first 

boundary, 

are 

mui  tipi 

.led  by  the  factor  *  ^ 

005  i 

The 

map  of 

differences  t2  -  kfcj  is 

f phically. 

1  r*  w  o. 

*fr.  r*  X  .X1 

method 

of  compilation  of  the  d 

r  acv;  i  nr1 


is  indicated  in  Section  6, 


A  reap 

Vvr  /Xf 


equal  lines  is  constructed  for  the  dif- 

corre- 


jnsrenv*  w  "  3T/?*p-3  of  the  normal  field 
spending  to  tfie  firsu  refract ing  boundary,  multiplied  by 
the  constant  f actor ,  k,  and  the  normal,  field  s/Vj^,  cor¬ 
responding  to  the  second  refracting  boundary a  The~ con¬ 


struction  is  carried  out  in  the  following  manner,  Using 
the  explosion  point  as  a  center,  a  family  of  circles  is 
drawn  representing  a  family  of  isochrones  A^r>orF  “ 
WVb3.  the  difference  between  two  neighboring  is  ©chromes 
is  equal,  to  where  a  t  is  the  difference  in 


,  ,  ,  ,  ,  y  t*>  f  >?, 

the  isochrone  markers » 


4,  A  mar  is  constructed  of 


representing  the  result  of  the  summation  of  the  two  diffe- . 
rence  maps,  the  construction  of  which  is  considered  in  items 


d  ana 


5*  The  markers  of  the  isochrones  of  the  map  A.  t  are 
multiplied  by  the  constant  factor  Vo/  cos  i^.  The  map  ob¬ 
tained  in  this  maimer  is  the  map  of'"  a.  H2$  the  variation 
in  the  thickness  of  the  second  lamer  without  allowance  for 
the  drift • 


Os,  To  change  over  to  the  absolute  values  of  the  thick¬ 
et  one  refe- 


necessary  to  know  the  thickness  H,,0  at  one  refc 
rer.ee  point.  Knowing  Hqoj  it  is  possible  to  replace  the  mar 
kern  of  .the  isolines  .1  a  H?lr  by  markers  KCl  «  Hnn  +  h  (  (i  ' 
(A,  H2  A  Bpy 4,H0.|  is  the  difference  in 
he  isolines  for  whibn  the  value  Kp  is  deter 


wnere 
markers  of 
mined,  and 
point ,  i or 


K2), 


o  isolines  ulip-j  passing  through  the  reference 
ich  the  thickness  is  Hq2* 


All  the  operations  of  the  compilation  of  the 
i  ronce  and  summary  maps  are  carried  out  graphic  silly  (see 


Section  6),  and  consume  little  time.  It  must  ]J® JfiDtpiif 
when  k  is  close  to  unity,  the  operation  In^atea  in  item 

x  is  no  longer  necessary,,  w  yw  ct2-~T'D  p  ?ho  4r,^«r,« 
difference  map  front  the  two  oosorsred  map*  fj-  ■-  *w , 'l^T. ..V** 
ti  and  to  and  the  map  of  differences  of  two  norma* 
fields*  corresponding  to  the  two  refracting  ooonaux: o^ , 
and  this  is  followed  by  the  operations  indicated  in  it  -  *  ■ 

*f  4 ,  5i»  and  6*  1  . 

Cons  t  ruct  Ion  of  the j^.ofrefl3ja35_^ths^ftheses 

cond 

•^a  romti'^ie^thi s  man  it  is  necessary  uo  sum  tn«  maps  o*  jl&o 
lines  Hi  and  Ho?  imcorrected  for  the  drift,  *ne  sumaa-  on 
can  be  earried^out  graphically. 

Construction  of  the  contour-line . 

!  n?i s, nf; oDwl^Tdrift }  »“  If  the  surface  of  observations^ 
i^resehts"  '‘alSbr iio^al  plane,  then  to  change  over  from 
the  eanal-d^pth  map  of  the  second  refracting  boundary  to 
the  SSJ^fiSe  WP  «  »  enough  to  replace  the  markers  ou 
the  map  of  equal  depths  by  the- contour-line  markers.  If  - 
surface  of  observation  differs  from  the  horizor^al  plan-.-, 
then  to  compile  the  contour-line  map  of  the  refracting  boon 
dary  it  is  necessary  to  have  a  contour-line  map  o* .he  oui 
face  observations*  The  contour -line  map  of  the  r el railing 
&&2TSfSS*  V  eraphic  substruction  of  gual-depth 
map  H  ~  Hi  +  H2  f*o®  the  contour -line  map  op  oi  the  suiia-  - 
of  observations  (Fig*  109). 

Construction  of  uhe  man  of  eqwsJi 
cor^ectT§nlfSFTHrdHffcr^t  calculated  by  formula  (5£). 
Each  isoline  of  the  equal-thickness  map  Ho  ow®M^n4s  to 
a  constant  value  Hg  end  igq,  «n  each^isoiine  °f  ,ne  eqijal 
depth  map  Hi  corresponds  to  a  constant  v«lue  Ji  toil.  in* 

The  constructed  equal -drift  maps  are  constructed  in 
follow ing  manner  * 

1)  On  each  isoline  of  the  equal-depth _  map  B-x  we 
« .  -  .  _ ..mi  xi_  4* *w  <.  -  .  and  on  the  OQUSl  —thick.— 


2)  A  graphic  summation  is  made  of  the  maps  of  the  iso 
lines  Hi  tan  i£3  and  H2  tan  %.  ^*4®  resuits  m  a  map 
isolines  of  the" magnitude  of  the  dm t  ,l« 

jjht  roduct ion  of  corrections  .for_jthe_dr j 
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r  J“  n 

contour-line  mat)*  To  introduce  corrections  for  the  drift  in 
the  cant  our -line  map  it  is  necessary'  to  perform  the  follo¬ 
wing .  operations? 


!•  The  contour -line  map  SQ  of  the  refracting  boun¬ 
dary,  constructed  without  allowance  for  the  drift*  must  be 
superimposed  on  the  isoline  map  of  the  drift  L*  At  the 
.points  of  intersection  of  the  isolines  Sq  with  the  isoll- 
Ines  L  it  is  necessary  to  write  down  the  values  of  the  drift, 
determined  by  the  markers  of  the  isoline  L,  Thus,  at  dif¬ 
ferent  points  of  one  and  the  same  isoline  Sq  the  value  of 
the  drifts  L  is  .a**^-*-*  * 


different  * 


2.  Knowing  the  values  of  the  drift  at  different 
points  of  the  isoline  Sn,  this  isoline  is  shifted  point  by 
point  in  the  direction  towards  the  point  of  explosion.  The 
map  plotted  in  this  way  represents  the  contour-line  map 
S* q  of  the  refracted  boundary,  corrected  for  the  drift. 

Construction  of .equal-depth  maps  of  the  refracting 
bound arywltn  drift.  In  the  case  when  the  ■ 

surface  of  observations  differs  from  the  horizontal  plane, 
the  construction  of  the  equal -depth  map  with  allowance  for 
the  drift  can  be  carried  out  if  a  contour-line  map  Sq  has 
been  plotted  for  the  refracting  boundary  with  allowance  for 
the  drift  and  a  contour -line  map  Sp  of  the  surface  of  obser¬ 
vation  is  given.  The  construction  is  carried  out  by  the  same 
method  as  indicated  in  the  preceding  section. 
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Chapter  VI] 


PROSPECTING  CAPABILITIES  OP  THE 


mrewr 


Prospect log  problems  resolved  with  the  aid  of  the 
CMBW.  used  either  independently  or'  in  combination  with 
the  method  of  reflected  waves,  can  be  evaluated  primarily 
on  the  basis  of  more  than  ten  years  *  experience  in  testing 
and  application  of  this  method  in  various  seismogeologlcal 
conditions  of  different  regions  of  the  USSR,  where  it  was 
subjected  to  a  great  variety  of  problems  * 

Another  source  of  evaluating  the  prospecting  capabili¬ 
ties  of  the  CKRW  are  the  general  physical  considerations, 
based  on  experience  and  theory  of  the  seismic  method  as  a 
whole  and  partially  on  progress  and  development  of  neigh- 
boring  fields  of  knowledge,  particularly  those  sciences 
and  branches  of  technology,  which  deal  with  wave  processes 
(acoustics,  optics,  radio  engineering,  etc*)*  These  consi¬ 
derations  make  it  possible  to  foresee  the  capabilities  of 
the  CMKW  in  those  fields,  where  this  method  Is  still  not 
extensively  used  or  not  used  at  all* 


We  list  below  the  capabilities  of  the  CMRW  primarily 
on  the  basis  of  data  of  the  first  kind,  already  tested  in 
practice* 

1„  Investigation  of  a  Crystalline  Foundation  ' 


Investigation  by  means  of  the  CKRW  of  the  crystalline 
•{foundation,  covered  with  a  layer  of  s  ©distent  at  ion  rocks, 
consists  of  determining  its  depth  and  the  relief  of  its 
surface,  and  also'  a  general  velocity  characteristic  of  th 
crystalline  and  met amorphic  rocks,  which  form  the  founda¬ 
tion* 


r 


po; 

depths 


inspecting  at  small  and  medium  depths  *  The  ©as lest 
ro'hlem  for*  the  CMRW  in  this  field  "is.  the  study  of  the 

ion  of  the  bed  of  the  crystalline  foundation  at  small 
—  from  several  meters  approximately  to  one  kilome¬ 
ter  —  under  conditions  when,  the  foundation  is  covered  by 
layers  of  sandy-elay  or  other  rocks  with  relatively  small 
velocities  of  propagation  of  elastic  waves.  The  velocity 
of  the  longitudinal  elastic  waves  in  the  foundation  is 
large,  on  the  order  of  5-6  km/sec  and  greater ?  which  ma¬ 
kes  it  possible  to  distinguish  crystalline  ana  metamorphic 
rocks  of  the  foundation  from,  the  sand-clay  rocks  of  the 
covering  layer-  which  are  characterised  by  small  velocities 
It  has  been  noted  that  the  refracted  (frontal)  waves,  cor¬ 
responding  to  the  crystalline  rocks,  usually  have  a  low 
intensity  compared  with  the  waves  in  sedimentation  rocks, 
but  on  the  other  hand  as  the  distance  from  the  point  of 
explosion  increases  they  attenuate-  slowly  with  distance, 
and  they  therefore  can  be  readily  traced  over  a  suffi¬ 
cient  length  of  the  profile. 


A  complicating  circumstance  in  the  prospecting  of  the 
bed  of  the  foundation  at  small  depths  may  be  the  presence 
of  a  contemporary  or  ancient  weathering  crust  of  surface 
portions  of *  the  foundation,  the  thickness  of  which  may 
fluctuate  from  fractions  of  the  meter  to  ten  meters  and 
above.  The  velocities  of  the  elastic  waves  and  this  crust 
may  also  he  of  the  same  order  as  in  the  rocks  of  the  sedi¬ 
mentation  layer.  This  may  lead  to  conclusions  of  a  large 
depth  of  the  foundation  compared  with  the  true  one.  As 
the  depth  of  the  foundation"  increases,  greater  absolute 
errors  are  allowed  In  its  determination,  and  therefore  ' 
the  possible  error  due  to  the  existence  of  the  weathering 
crust  loses  its  practical  significance* 

If  the  rocks  in  the  covering  layer  contain  “screening14 
layers  of  limestones  or  other  rocks  with  high  velocities 
of  propagation  of  elastic  waves,  then  the  prospecting  of 
i  the  bed  of  the  crystal  foundation,  as  in  general  prospec- . 
i  ting  by  the  method  of  refracting  waves  (CMRW)  at  any  depth; 
and  for  any  purpose  may  be  difficult  or  even  practically 
impossible,  depending  on  the  ratio  of  the  thickness  of 
the  screen  and  the  predominating  length  of  the  registered 
waves  (see  Chapter  I,  Section  X,  and  also  /IQ/)* 


L 


j 


Prospect: 
small  depth 
with  the  aid 
ses,  they 
les*  The  la' 
feat  ares  of 
nected  with 
to  external 

Prospect 


ing  of  the  bed  of  the  crystal  foundation  at  a 
is  carried  out  in.  the  CMHW  method  principally 
of  longitudinal  profiles*  As  the  depth  increa- 
re  frequently  supplemented  by  transverse  profi- 
tter  are  used  in  particular  in  the  study  of 
the  relief  of  the  bed  of  the  foundation,  con- 
tectonic  disturbances  (faults,  etc® 5  or  due 
causes  (for  example,  erosion,)* 


the  crystalline  base 


Llow  depth 


of  the  base  has  been  carried  out  successively  with  the 
aid  of  CMBW  in  many  regions  of  the  USSR* 


Prospect 
surface  of” 
great  depth, 
deeper  —  t' 
forces  no  d 
ting  in  the 
question  of 
ratio  of  th 
ting  length 


Inn  at  great  deaths.  The  prospecting  o 


crystal  foundation,  when 


are  located  at 


s  — ■*  from  one  to  four  or  five  kilometers  and 
he  basic  premise  indicated  above  remains  in 
iff icuities  are  encountered  in  the  prospec- 
absence  of  screens,  and  in  their  presence  the 
the  capabilities  of  the  CKEW  depends  on  the 
e  thickness  of  the  screen  and  the  predomina- 
of  the  wave. 


The  features  of  prospecting  of  the  foundation  at 
greater  depths,  as  in  general  of  prospecting  at  great 
depths  with,  the  aid  of  the  CMHW,  consist  of  the  necessity 
of  registering  refracted  waves  at  large  distances  from  the 
point  of  explosion.  Thus,  in  one  of  the  platform  regions, 
where  according  to  the  CMRW  data  the  foundation  is  loca¬ 
ted  at  a  deoth  of  approximately  1,5  km,  the  corresponding 
refracted  waves  appear  only  at  distances  more  than  eight 
kilometers  from  the  point  of  explosion,  and  immerge  into 
the  region  of  first  arrivals  at  a  distance  of  approxima¬ 
tely  ten  kilometers  from  the  point  of  explosion. 

The  greater  distances  are  associated  with  an  increase 
in  the  requirements  imposed  on  the  seismic  effectiveness 
of  the  explosions  and  on  the  effective  sensitivity  of  the  \ 
apparatus . 

In  the  case  of  observations  at  long  lines  (on  the  order 
of  ten  kilometers  and  above),  it  is  most  advantageous  to 
carry  out  the  explosions  in  water  reservoirs,  something 
that  must  be  taken  into  account  when  choosing  the  place- 


1 _ 


r 


meat  of  the  profiles •  However,  more  frequently  it  is  still 
necessary  to  make  explosions  in  shot  holes  (and  sometimes 
in  excavations)*  In  this  connection,  operations  of  this 
kind  must  'be  provided  with  sufficiently  powerful  drilling 
means*  explosive  shot  holes,  in  view  of  the  relatively 
large  charges  (up  to  five  killograms  and  above),  go  ra¬ 
pidly  out  of  order,  and  they  must  frequently  be  duplica- 


Sufficient  effective  sensitivity  of  the  apparatus  in 
observations  over  long  lines  is  obtained  by  the  means 
indicated  in  Chapter  12  and  in  Section  8  of  Chapter  I1I« 
We  shall  note  here  only  the  principal  ones*  change  over 
to  the  registrations  at  lower  frequencies* 

In  the  prospecting  of  the.  bed  of  a  crystal  base  at 
great  depth,  the  references  are  the  longitudinal  profi¬ 
les*  To  determine  the  special  positions  of  this  surface, 


the  longitudinal  profiles  are  accompanied  by  t reavers© 
ones.  To  investigate  structures  -  faults,  etc,  -  one  can 
use  also  area  surveys  with 
of  explosion* 


fix 


sed  positions  of  the  point 


Successful  work  on  the  CMRBf  for  the  determination  of 


the  relief  and  depths  of  a  crystalline  foundation 
the  separation  of  the  sedimentation  layer)  at  large  and 
medium  depths  have  been  carried  put  in  various  regions 
.of  the  USSR,  Great  difficulties  in  the  solution  or  this 


problem  were  encountered  in  one  of  the  regions  of  the 
Russian  platform,  in  view  of  the  presence  of  thick 
screens,  but  it  was  shown  subsequently*  that  these  dif-  ’ 
f Acuities  can  be  partially  overcome  by  increasing  the 
distance  to  the  explosions. 

The  experience  with  the  large  number  of  investigations 
of  the  surface  of  a  crystalline  base  for  all  depths  has 
shown  that  the  results  obtained  when,  this  problem  was 
solved  with  the  aid  of  a  CMRW,  as  regards  uniqueness  in 
the  interpretation  and  accuracy,  are  usually  superior  to 
the  data  obtained  by  other  geophysical  methods  *  includ*" 


seismic  prospecting  by  the  method  of  reflected  waves • 

In  the  method  of  reflections  this  surface  does  not  ob« 
tain  a  velocity  characteristic  and  can  be  mistaken  for 
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can  sometimes  bs  obtained  on  tn©  basis  of  a  study  ox  the 

degree  of  attenuation  of  the  associated  refracted  waves 

with  increasing  distance  from  the  point  of  explosion,  and 

also  by  comparison  of  the  CMRW  data  with  'the  results  of 

the  determination  of  the  average  and  layer  velocities  by 

means  of  seismic  coring  and  by  the  method  of  reflected 

waves  * 

The  procedure  of  operations  in  the  CMRW  in  the  break¬ 
down  of  the  sedimentation  layer  consists  of  passing  over  , 
longitudinal  profiles  and ‘obtaining  on  them,  as  a  rule, 
detailed  systems  of  opposite  and  overtaking  hodographs 
with  full  correlation  of  at  least  the  basic  traced  le¬ 
vels*  The  determination  of  the  relief  of  the  boundary  is 
usually  carried  out  also  with  the  use  of  transverse  pro¬ 
files  * 

If  the  problem  of  the  breakdown  of  the  sedimentation 
layer  is  posed  in  order  to  obtain  the  most  general  repre¬ 
sentations  of  the  selsmogeologlcal  section  in  the  region, 
then  for  large  regions  it  is  solved  by  carrying  out  in¬ 
dividual  seismic  soundings  by  the  CMRW.  A  comparison  of 
the  data  by  these  separated  observations,  for  the  purpose 
of  identifying  the  layers,  is  carried  out  principally  on 
the  basis  of  -the  analysis'  of  the  values  of  the  boundary 
velocities  and  the  dynamic  features  of  the  waves$  one 
also  takes  into  account  the. depth  and  the  relief  of  the 
refracting  boundaries*  Naturally,  the  general  geologi-p 
cal  ideas  concerning  the  structure  of  the  region  are  also 
taken  into  account • 

In  a  more  diet  ailed  Investigation  of  the  region,  conti¬ 
nuous  profiling  is  used. 

Operations  on  the  breakdown  of  the  sedimentation  layer 
with '  the  'aid  of  the  CMRW  were  carried  out  in  the  region 
of  European  and  Asiatic  portions  of  the  USSR*  In  opera¬ 
tions  of  this  kind,  the  CMRW  can  be  used  in  conjunction  < 
i  principally  with  the  method  of  reflected  waves  Cat  medium  f“ 
and  large  depths)  and  with  electric  prospecting  (essen¬ 
tially  at  small  and  medium  depths).  To  interrelate  the  geo¬ 
physical  data  with  the  geological  ones,  reference  drillings 
are  necessary,  which  should,  toe  accompanied  by  seismic  ca-^ 
rottage  and  seismic  sounding  by  the  CMRW  and  by  the  method 
of  reflected  waves. 
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the  Sediment at ion 


In,  these  problems ?  which  are  usually  solved  with  the 
aid  of  the  method  of  reflected  waves  (In  the  range  of  not 
too  small  depths),  use  has  been  made  of  the  CMRW  in  the 
past  years  primarily  in  those,  cases  when  in  the  use  of 
the  refleeted-wavs  method  one  encountered  conditions  which 
prevented  its  successful  application* 

Experimental  operations  in  1941  -l1 $4^ »  The  first  attempt 
of  using  the  CWm  inihe  solution  of  "problems  of  this  kind 
were  the  experimental  investigations  in  the  region  of  the 
Ishiatoayskiy  Priural*  (Bashkir  ASSE)  In  1941-1943,  In  this 
region,  work  on  the  method  of  reflected  waves  was  perfor¬ 
med  intensely,  in  large  volume,  but  essentially  unsuccess¬ 
fully  over  the  extent  of  many  years,  starting  with  1934* 
The  principal  problem  which  was  faced  by  seismic  prospec¬ 
ting  in  this  region,  was  of  finding  tectonic  limestone 
uplifts,  complicated  with  reef  formations  (Art ins  My  lime¬ 
stones),  covered  with  quite  inhomogeneous  layers  of  hydro¬ 
chemical  precipitates  (Kungur)t  and  than  toy  layers  of  clay, 
and  further  by  sand-clay  and  in,  places  by  gravel  deposits,, 
The  velocities  of  the  seismic  waves  in  the  limestones  and 
in  the  covering  hydroehemleal  rocks  were  approximately  of 
the  same  order* 

Work  on  the  CMRW  in  this  region  has  proved  the  possi¬ 
bility  of  using  this  method  to  solve  certain  particular 
prospecting  problems,  but  the  main  problem  still  remained 
unsolved*  Experience  with  this  work  has  shown  that  under 
the  conditions,  of  the  complex  structure  of  the  medium  in 
depth,  when  using  the  CMRW,  one  can  encounter  difficul¬ 
ties  of  the  same  order  as  in  the  method  of  reflected  wa¬ 
ves,  although  the  particular  causes  of  these  difficul¬ 
ties  are  not  always  the  same, 

J  j- 

In  spite  of  the  lack  of  substantial  prospecting  re¬ 
sults,  these  investigations  nevertheless  yielded  great 
methodological  results  and  comprised  an.  imporatnt  stage  in 
the  history  of  development  of  the  CMRW,  The  desire  of 
,  overcoming  the  great  difficulties  has  led  to  a  detailed 
development  of  many  very  important  problems  in  the  proce- 
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dure  aad  interpret at ion,  and  tills  contributed  to  a  suc¬ 
cessful  application  of  this  method  In  other  regions  in 
subsequent '  years •  Thus*  detailed  systems  of  observation 
were  developed  for  longitudinal  and  non-long itudinal  pro* 


files ,  methods  of  area  measurement,  including  with  fixed 
point  of  explosion,  and '  corresponding  methods  of  inter¬ 
pretation!  methods  have  been  indicated  of  a  qualitative 
analysis  of  the  dynamic  features  of  the  waves* 

It  should  be  noted  here  that  during  the  years  elapsed 
since. that  time,  the  GIBS  has  become  enriched .with  new 
apparatus  and  with  many  methodologic al  and  interpreta¬ 
tion  measures,  the  application  of  which  will',  at  the  pre¬ 
sent  time  perhaps  permit  under  difficult  conditions  to 
attain  better  prospecting  results# 


Prospecting  of  structures  in  sand-clay  deposits*  The 
capabilities  or  the  CBRW  in  this  region  were  investigated. 

.  in  1944  in  experimental  investigations  carried  out  in 
the  Azerbaydzhan  SSR  [27] «  The  prospecting  problem  con¬ 
sisted  of  tracing  the  depth,  structure  in  a  layer  of  sand- 
clay  deposits  of  tertiary  age*  The  depth  of  the  prospected 
layers  amounted  to  four  kilometers .  or  more* 

Observations  with  t  he  CUV  were  carried  out  in  zones 
which  were  previously  called  M blind”,  in  view  of  the  fact 
that  In  the  use  of  the  method  of  reflected  waves  one  en¬ 
countered  here  great  difficulties,  The  latter  wares  due  to 
the  peculiar  structure  of  the  upper  layers,  contributing 
to  the  production  of  intense  seismic  vibrations,  which  " 
propagated  along  the  surface  of  the  .soil  with  velocities 
of  less  than,  one  kilometer  per  second  and  frequently  ar¬ 
rived  b Imult aneously  with  the.  reflected,  waves  and  inter- 
f erred  with  their  tracing.  Observations  have  shown  'that 
the  deep  'refracted  waves  always  arrive  ahead  of  these 
osoillationsf  furthermore,  the  latter  usually  damped  at 
,  those  distances,  where  the  investigated  refractions  are  .  , 
i  being  traced.  Thus,  these  oscillations  did  not  act  as  * 
interference  in  the  method  of  refracted  waves » 

The  most  complete  data  were  obtained  on  the  CiiCKf  in 
these  investigations  for. a  layer  close  to  the  bed  of 
.  Pontiac  clay,  located  in  a  region  of . investigations  at  a 
depth  of  approximately  three-four  kilometers*  In  places 
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there  were  observed  angles  of  inclination  of  this  layer 
up  to  30°  and  more  (on  transverse  profiles)#  A  comparison, 
where  possible,  of  the'  results  of  the  determination  of 
the  depths  and  the  relief  of  this  layer  with -the  results 
of  drilling  and.  the-  method  of  reflections  has  sham  a 
satisfactory  agreement  between  the  data  obtained  by, the 
different  methods. 


In  subsequent  years,  the  CHEW  was  used  in  analogous 
problems  in  another  region  of  Azerbaydahan,  where  clear 
reflections  could  also  not  be  obtained#  The  refracting 
boundaries  ware  separated  here  at  different  depths  up  to 
two  kilometers,  but  they  were  traced  only  at  small  Inter¬ 
vals,  so  that  it  was  impossible  to  disclose  the  geological 
structure  of  the  section  with  sufficient  completeness.  The 
rea  son,  for  this,  one  must  assume,  was  the  excessive  com¬ 
plexity  of  the  structure  of  the  medium  In  depth,  rather 
than  unfavorable  surface  conditions. 

In.  another  place,  the  reflected  waves  could  not  be  re¬ 
gistered  at  large  areas  covered  with  thick  layers  of  gra¬ 
vel  deposisits#  Prospecting  by  the.  CM!  has  made  it  pos¬ 
sible  to  trace  successfully  in  these  zones,  which  were 
** blind*5  for  the  method  of  reflections,  refracting  bounda¬ 
ries  at  depths  up  to  2*5  kilometers#  The  prospecting  re¬ 
sults  agreed  with  t  he  general  geological  representations 
on  the  structure  of  the  region*  The  procedure  of  observa¬ 
tions  by  the  CMItW  in  this  region  consisted,  in  principle, 
of  passing  along  the  longitudinal  and  particularly  trans¬ 
verse  profiles  with,  placement  of  the  seismographs  within 
the  confines  of  the  “blind  zone**,  while  the  points  of 
explosion  were  located  outside  the  zones,  in  places  where 
the  conditions  of  excitation  of  oscillations  were. favo¬ 
rable# 

•4 

The  experience  of  the  operations  In  Azerbaydzhan  has 
shown  the  possibility  of  observing,  with  the  aid  of  the 
--I  CHEW,  refracting  boundaries  and  of  studying  the  structures^* 
under  conditions,  of  relatively  weak  lithological  differen¬ 
tiation  of  the  section,  where  the  method  of  first  arri¬ 
vals  could  not  lead  to  favorable  results  for  some  reasons# 
This  experience  has  shown  that  no  a  priori  statement  can 
be  made'  concerning  the  inapplicability  of  the  CMH1  for  the 
study  of  structures  in  view,  so  to  speak,  of  the  absence 
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of  refracting:  boundaries 


id  on  data  of  the  first  ar¬ 


rivals.  seismic  coring®  aau  we  77.,# 

can’  be  considered  as  convincing*  The  question  o-.  tne  appii* 
c ability  of  the  CUflW  under  such  conditions  can  be  solved 
only  by  setting  up  field  observations  precisely  by  the 
CHEW* 

Prospecting  of  structures  in  carl^Mte.^aS^lM^f^yto 
o t ^I^TOfETpefTene e  of  operations  under  plat : ora 
conditi^’te^im  the  possibility  of  separating,  by  _ 
means. of  the  CMRW,  of  refracting  ooundaries  in  thick  Uyeis 
of  limestones  and  dolomites  and  of  tracing  the  rail***  o.l 
these  boundaries • 

In  one  of  the  regions  of  the  Russian  plats orm,  in 
spite  of  the  relatively  homogeneous  lithological  composi¬ 
tion  of  the  rocks  in  a  layer  of  limestones  and  dolomites 
of  the'  carbon  and  Devonian  age,  it  ms  possible  to  sepa¬ 
rate  in  this  layer  and  to  trace  the  relief  of  several 
refracting  layers  with  nearly  equal  boundary  velocities* 

In  another  region  in  a  layer  of  hydrochemical  deposits  o.t 
Ekingur  and  an  underlying  thick  layer  of  carbonate  rocks  of 
the  cartel  age,  where  the  velocity  differentiation  x&  very 
small,  there  -were  observed  well  traced  refracted  waves 

.  —  t,.  *8.  !1 ... _  _  J’  <1.  >i-y  r.tb  r*\  \n,  m  sa  .*"§  i  it 


at  different  depths# 


quenfcly  deeper)  is  as  a  rule  .inaccessible  to  cue  medaca 
of  reflected  waves  in  its  ordinary  modern  form.*  Ms  re¬ 
gion  Is  readily  accessible  for  the  GilHil* 

The  prospecting  of  structural  forms  for  surface  ancient 
erosion  in  layers  located,  at  small  depths,  on  the  order  of 
tens  or  several  hundreds  of  meters ,  were  carried  out  witcy 
the'CMRW  in  the  cool  o  as  in  near  Moscow,  in  Kuzbass*  and  r 
in  Donbass*  In  one  .of  the  regions  of  the  Kuzbass,  tne 
principal  prospected  boundary  was  a  bed  of  Permian  depo¬ 
sits®  in  which"  the  velocity  of  propagation,  of  elastic  wa¬ 
ves  amounts  to  approximately  three  taa/sec,  whereas  in  the 
covering  Jurassic  sand-clay  deposits,  where  .Layers  o* 
sandstone  are  encountered,  one  observes  vexociwies  ox  <z*j 


sec. 


and  sometimes 


even  greater. 
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lithological  differentiation  of  rocks.  The  prospect, trig  of 
boundaries  on  which  the  lithological  composition  of  the 
rocks  (and  therefore  the  velocity  of .propagation  of  ela¬ 
stic  waves)  changes  sharply  and  strongly,,  with  the  veloci¬ 
ties  in  the  deeper  layers  greater  than  in  the  covering' 
ones  «  this  is  the  most  studied  application  of  the  method 
of  refracted  waves  even  in  its  older  form,  the  methbd  of 
first  arrivals,,  With  the  aid  of  the 
can  be  carried  out 
accuracy. 


s nch  pr os  p act ing 
considerably  greater  detail  and 


Among  the  structures  in  the  sedimentation  layer,  cha¬ 
racterized  by  the  foregoing  conditions,  one  should  note 
above  all  the  salt -dome  structures s  the  velocity  in  salt 
is  approximately  4-*!>  km/sec,  and  in  the  covering  sand-clay 
.  deposits  It  is  up  to  three  Km/sec  or  somewhat  greater*  In 
addition  to  the  obvious  problem  of  tracing  the  relief  of 
the  salt  core  in  the  region  of  the  vault  of  the  dome,  it 
is  the  task  of  the  CMRW  to  investigate  the  relief  and  the 
■  velocity  characteristic  of  the  layers  in  the  sand-clay 
layer,  and  particularly  in  the  part  near  the  vault1, .  and 
the  solution  of  such  difficult  problems  as  establishment 
of  the  contours "of  the  layers  in  connection  with  the  ta¬ 
pering  of  these  layers,  faults,  the  determination  of 
amplitudes  of  the  faults,  etc*  (see  also  Section  4),» 

In  addition  to  t  he  usual  seismic  prospecting  with 
explosions  at  small  depths,  one  can  carry  out  with  the 
aid  of  the  CMRW  also  the  prospecting  with  explosions  In 
deep  shot  holes  (seismic  torpedos),  with  the  seismographs 
located  along  the  profiles  oh  the  surface  of  the  earth, 
when  the  refract teg  boundary  is  prospected  ”by  transmis¬ 
sion*”  It  is  possible  to  investigate  in  this  manner,  in. 

I  particular,  tie  steeply  descending  walls  of  the'  salt  ( 

~i  shoots,  -  * 

One  encounters  a'  sufficiently  sharp  differentiation 
of  rocks .  'by  elastic  properties  and  respectively  by  velo¬ 
cities  in.  the  case  of  seismic  prospecting  of  structures 
.  in  sedimentation  deposits  in  the  region  of  the  Belorus¬ 
sian  SSR*  The  CMRW  is  used  here  with  great  success,  while 
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attests  at  using  the  method  of  reflected  waves  frequently 
do  not  lead  to  satisfactory  results  owing  to  txi&  um avo- 
rable  surface  conditions  (sands,  floating  earth ,  etew* 

An  important  auxiliary  problem,  which  usually  is  resol¬ 
ved  by  the  method  of  refracted  waves,  Is  the  determina- 
■  tlon  of  the  relief  of  strongly  refracting  boundaries  In 
the  covering  medium,  In  order  to  take  into  account  cue 
refraction  of  waves  by  these  boundaries  in  seismic  pro- 
spaettng  of  deeper  boundaries  •  One  deals  with  such  a 
problem*  for  example.  In  the  prospecting  by  the  methoc* 
of  reflected  waves  of  structures  in  Bashkiriya  ana  1  ata¬ 
ri  y  a.  where  the  boundary  between  the  layers  oi  hydrocheau- 
cai  deposits  of  the  Kungur  layer  with  a  velocity  near  ^  juj 
km/sec,  and  the  covering  sand-clay  deposit  ot  the  ul xmsKiy 
and  Kazan  layers*,  with  velocities  near  2*5  to/ sec,  is 
found  to  be  highly  refracting.  The  accuracy  with  which 
this  boundary  was  previously  determined • by  the  method  ox 
first  arrivals  is  obviously'  inadequate,  t aiding  into  ac¬ 
count  the  high  accuracy  with  which  It  is  necessary  4,0  con¬ 
struct  the  reflect lag  boundaries  for  the  disclosure  oi 
structures  In. deep  layers,  which,  are  characterized  here  by 
small  amplitudes  with  small  angles  of  inclination  or  the 
skirts •  in  order  to  study  the  relief  of  this  boundary 
(and  also  in  order  to  study  the  distribution  of  velocities 
in  the  higher  layers)  one  can  and  should  use  the  CMRw* 
Problems  of  this  kind  should  be  solved  with  the  aid  of  the 
CXHW  also  in  other  regions • 

Let.  us  proceed,  to  make  a  few  remarks  on  the  procedure 
of  operations  with  the  ClffiW  in  the  study  of  structures  in 
a  sedimentation  layer. 

la  structural  prospecting  at  small  depths,  the  observa¬ 
tions  are  carried  out  essentially  with  the  aid  of ^ longitu¬ 
dinal  profiles,  networks  of  which  are  made  up  in  the  de- 
t ailed ‘  prospeci ing *•  At  medium  (hundreds  of  meters)  and 
“I  large  (kilometers)  depths,  of  investigation,  one  uses  re-f 
"  ference  longitudinal  profiles  with  a.  system  of  Interrela¬ 
ted  non-longitudinal  profiles.  At  large  regions  of  trace- 
ability  of  the  refracted  waves,  corresponding  to  the  in¬ 
vestigated  boundaries,  one  can  also  carry  out  area  surveys 
in  individual  sect  ions  with  t  he  aid  of  networks  of  non- 
longitudinal  profiles  at  a  fixed  position  of  the  point  ox 
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explosion* 

.&  specific  feature  of  the  procedure  of  prospecting  at 
small  velocity  differentiation  of  layers,  when  the re¬ 
fracted  troves  form  greater  zones  of  mutual  interference, 
and  the  regions  of  traceability  of  the  individual,  waves  ~n 
pure  form  are  greatly  shortened,  is  the  application  of 
latively  small  distances  between,  the  points  of  . explosion 
for  the  construction  of  total  correlation  systems  of  ob¬ 
servations  on  longitudinal  profiles*  Such  complete  systems 
are  usually  constructed  only-  for  those,  boundaries,  which 
are  of  principal  prospecting  interest* 

It  must  be  emphasised  that  searches  in  prospecting  for 
structures  in  sedimentation  layers  with  application  o:t 
the  CMBW  can  be  carried  out  not  only  as  a  substitute  for 
the  method  of  reflections,  where  the  latter  cannot  be  used, 
but  also  to  assist  this  method  in  those  places  where  the 
application  of  the  two  methods  can  accelerate  the  seismic 
prospecting  and  improve  Its  results*  The  problem  of  the 
specific  purposes  and  forms  of  a  joint  application  oi  the 
CMBW  and  'the  method  of  reflected  waves  is  discussed  spe¬ 
cially  in  Chapter  IX* 

Work  on  the  CMBW  for  the  foregoing  purposes  can  be  car¬ 
ried  out  also  in  conjunction  with  other  geophysical  me¬ 
thods  j  in  prospecting  at  small  depths,  principally  with 
•electric  prospecting  with  direct;  current,  and  at  large 
depths  «  with  gravimetry* 


4*  Prospecting  of  the  Separation  Boundary 
Close  to  Vertical 


Here  we  consider  the  following  problems*  the  tracing 
over  the  area,  the  determination  of  the  depths  and  vertl- 
j  cal,  amplitudes  of  tectonic  disturbances  -  faults,  etc., 

1  which  lead  to  a  cessation  of  the  existence  of  the  investi¬ 
gated  layer  at  a  given  depth,  -and  to  its  appearance  at  a 
different  depth;  next  we  investigate  steep  ledges  or  steps- 
of  similar  character  (in  the  geometric  relations*  but  which 
will  be  the  result  of  diapeirism  of  magnetic  activity 
•  (shoots,  in  particular  salt),  or  the  result  of  folding 
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(flexure)  or  erosion  etc* 5  next  we  investigate  the  lines 
of  boundaries  of  layers  close  to  horizontal  ones,  formed 
toy  tapering  of  these  layers  as  a  result  of  their  inane®- 
gence  on  the  surface  of  the  erosion  under  the  !! alluvia 5” 
finally*  the  mapping  of  a  series  of  steeply  descending 
layers,  the  overall  surface  of  erosion  of  which  is  hidden 
under  approximately  horizontal  sediments* 


Problems  of  this  kind  frequently  involve  considerable 
difficulties  in  seismic  prospecting.  In  the  method  of  re¬ 
flected  waves,  the  places  of  such  disturbances  are  fixed 
most  frequently  as  zones  of  absence  of  reflections,  which 
is  not  always  a  reliable  criterion,  since  clear  reflec¬ 
tions  may  not  toe  obtained  also  for  other  reasons*  With 
this,  the  method  of  reflections  does  not  permit  prospec¬ 
ting  such  structures  at  small  depths.  The  possibilities 
of  solving  these  problems  with  the  aid  of  the  CMRW  are 
as  follows. 


Pr osnegt ing  of . st ep s  and  tapering  layers*  In  the  use 
of  the  CMRW  and  different  regions  it  was  frequently  neces¬ 
sary  to  deal  with  steps  (faults,  steep  local  drops  in  the 
refract ing  layers)  and  tapering  layers. 

This  made  it  possible  to  ascertain  experimentally  the 
possibility  of  investigating  structures  of  this  kind.  We 
note  that -in  prospecting  by  the  method  of  reflected  waves, 
particularly  when  the  interpretation  is  by  means  of  con- _ 
struct ing  the  arbitrary  levels,  such  structures  are  diffi¬ 
cult  to  disclose  and  more  so  to  prospect  in  detail. 

In.  the  case  of  steps,  the  task  of  the  CMRW  is  to  trace 
the  position  of  the  upper  edge  of  the  step  in  plan  and  to 
determine  the  amplitude  of  the  step.  The  latter  is  carried 
out  essentially  by  comparing  the  values  of  the  boundary 
velocities  for  the  investigated  levels  at  sections  with 
,  the  raised  layer  deposits,  and  on  the  other  hand  with  , 
-j  those  having  the  dropped  layers*  The  method  of  reflected  r 
waves  cannot  be  employed  in  principle  in  this  type  of 
solution,  for  the  boundary  velocities  cannot  be  determined 
by  this  method. 

In  the  case  of  the  tapering  layer,  the  CMRW  may  be  cal¬ 
led  upon  to  trace  in  plan  the  contour  of  the  region  where 
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the  layer  exists,  and 
The  layer  should  have 
elastic  waves# 


to  determine  the  depth  of  this  layer* 
a  higher  velocity  of  propagation  of 


Problems  of  this  kind,  as  is  well  known,  were  frequently 
solved  earlier  by  the  method  of  first  arrivals.  The  CHEW 
makes  it  possible  to  solve  them  with  great  accuracy,  de¬ 
tail,  and  with  smaller  limitations  with  respect  to  the 
structure  of  the  medium  and  the  properties  of  the  rocks® 

By  way  of  an  example  of  a  successful  prospecting  of 
these  structures  for  shallow  layers  one  can  indicate  the 
case,  described  in  the  article  [35] »  of  the  tracing  of 
a  contour  of  a  location  of  a  layer  of  limestones  of  thick¬ 
ness  8-10  meters,  dropping  to  zero  in  the  i*egion  where  the 
layer  tapers  as  a  result  of  erosion.  This  layer  was  loea- 
ted  at  depths  of  0*5-10  meters  under  a  cover  of  Morainic 
deposits  and  was  underlined  with  sand-clay  rocks. 

In  Belarus sia  and  other  regions  one  encounters  faults 
or  steep  step-like  drops  of  layers  at  medium  depths,  on 
the  order  of  hundreds  of  meters  or  a  kilometer,  when  the 
refracting  layers  and  the  covering  media  have  sharply 
different  elastic  properties* 

Finally,  an  example  of  detection  of  a  steep  ledge  at 
great  depths,  approximately  three-four  kilometers,  when 
both  the  refracting  layers  and  the  covering  medium  were 
represented  by  sand-clay  deposits,  were  obtained  in  CMBW 
investigations  in  Azerbaydzhan  as  early  as  in  1944 • 

The  procedure  of  work  with  the  CMBW  on  the  investiga¬ 
tion  of  steps  and  on  tapering  of  layers  consist  primarily 
of  passing  along  the  longitudinal  profiles  across  the  line 
of  the  fault  or  of  the  contour  of  the  tapering  layer.  With 
this,  a  brighter  picture  of  the  waves,  evidencing  the  pre¬ 
sence  of  the  disturbance  (diffracted  waves),  is  obtained 
~i  when  the  point  of  explosion  is  located  over  the  raised  j~ 
skirt  (see  Chapter  17,  Section  10,  and  also  Chapter  VI, 
Section  6).  The  line  of  fault  can  be  traced  with  the  aid  , 
of  trabsverse  profiles,  located  across  this  line®  It  is 
possible  to  make. area  measurements  with  a  fixed  point  of 
explosion*  To  obtain  more  accurate  values  fore  the  ampli¬ 
tude  of  the  fault  and  for  the  values  of  the  boundary 
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velocities  near  the  point  of  disturbance,  it  is  advisable 
to  pass  along  the  longitudinal  profiles _on  the  raised  and 
on  the  dropped  skirts ,  parallel  to  the  fault  line* 

Prospecting  for  the  series  of  steeply-desceMto&J^ZQ£§* 
With  the  aid  of  tEe~CMRW  it  is  possible  to  carry  out  under¬ 
ground  mapping  of  steeply-descending  layers  on  the  basis  of 
the  erosion  surface  of  such  layers ,  located  under  a  cover 
of  sand-clay  deposits*  One  must  deal  with  such  a  problem, 
for  example ,  in  the  region  of  the  Kursk  magnetic  anomaly  * 


The  capabilities  of  the  CMRW  are  determined  in  this 
region  essentially  by  two  circumstances*  Firstly,  this 
method  makes  it  possible  to  distinguish  rocks  by  the 
propagation  velocities  of  the  seismic  waves 5  secondly, 
there  are  related  to  the  steeply-descending  separation 
boundaries  of  the  layers  characteristic  seismic  waves, 
pertaining  to  the  refracted  and  diffracted  waves,  and 
the  study  of  these  makes  it  possible  to  delineate  the 
•  boundaries  of  the  regions  of  the  extent  of  the  rocks  with 
different  properties  * 


The  horizontal  thickness  of  steeply-descending  layers 
should  in  this  case  be  sufficiently  large*  usually  on  the 
order  of  the  thickness  of  the  covering  layer  and  greater; 
also  important  are  the  wave  lengths  (and  respectively  the 
frequencies)  used  in  the  prospecting* 

The  prospecting  is  carried  out  by  a  system  of  longitu¬ 
dinal  and  transverse  profiles*  The  longitudinal  profiles 
are  specified  trabsverse  to  the  extent  of  the  layers  ^in 
order  to  observe  the  boundaries  between  them  and  to  de¬ 
termine  the  velocities  of  the  propagation  of  the  waves 
in  these  layers  in  the  transverse  direction,  and  also 
along  the  extent  of  the  layers,  In  order  to  determine 
the  boundary  velocities  in  the  longitudinal  direction* 
Either  velocities  are  frequently  quite  different  as  a  re¬ 
sult  of  the  thin  stratification  inside  of  the  investigate^ 
layers  themselves  (quasi-anisotropy  [%])•  The  transverse 
profiles  are  specified  across  the  direct. ion  of  the  layers 
In  order  to  determine  the  boundaries  between  layers* 


The  prospecting  of  variegated  structures,  listed  in 
this  section,  can  be  carried  out  by -the  CMRW,  depending 
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on  the  circnmstaneeS|  in  conjunction  with  one  or  several 
of  the  other  geophysical'  methods,  namely*  magnet ometry  and 
gravimetry  in  the  investigation  of  lines  of  large  distur¬ 
bances..  particularly  at  great  depths  ;  with  the-  method  of 
reflected  waves ,  particularly  in  the  regions  of  salt-dome 
tectonics ^  with  electric  prospecting*  principally  in  the 
investigation  of  the  tapering  of  layers  and  faults  at  small 
depths |  with  the  magnetic  and  gravitational  variometry  in,, 
studying  a  series  of  steeply-descending  layers  under  H al¬ 
luvia*  t? 


5*  Prospecting  in  Special  Conditions 


Prospecting  at  small  depths.  Among  the  many  problems 
which  can  be  assigned  to  the  CMBW  in  this  region .we  note 
the  following*  the  determination  of  the  thickness  of  al¬ 
luvia,  consisting  of  loose  rocks,  under  crustal  rocks, 
which  are  denser:  separation  of  fault  zones 5  increased 
cracking  of  crustal  rocks  under  alluvia;  establishment  of 
the  position  of  the  level  of  ground  waters. 

Problems  of  this  kind  have  particular  significance  in 
engineering  geology  and  hydrogeology. 

The  procedure  of  prospecting  small  depths  for  the  fore- 
going  purpose  consists  of  passing  essentially  along  long it u« 
dinal  profiles. 

Instead  of  using  explosions,  one  sometimes  excites  the 
oscillations  by  means  of  impacts;  it  is  possible  to  inve¬ 
stigate  with  their  aid  layers  at  depths  up  to  20-30  me- 

f*  o  «; 

V  w  <M 


A  feature  of  seismic  prospecting  at  small  depths  is  the 
Increase  of  the  registered  oscillation  frequencies* 

Y 

j^g&33£gg__gf -Marine  prospecting.  In  seismic  prospecting 
under  the  bottom  of  a  shallow  sea,  with  the  water  depth 
reaching . up  to  several  tens  of  meters,  the  presence  of  & 
layer  of  water  is  associated  with  the  following  principal, 
singularities:  a)  in  explosions  in  water  there  may  be  pro¬ 
duced  repeated  impacts,  which  at  ordinary  charges  and 
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depths  of  the  charges  follow  approximately  up  to  0*1  sec 
and  more  after  the  explosion  itself  (see  Chapter  III,  Sec¬ 
tion  6)*  b)  associated  with,  the  bottom  of  the  sea 
tense  low-frequency  "bottom"  waves ,  analogous  to  surface 
waves  in  dry  land,  propagating  with  small  velocities;  the 
influence  of  these  waves  on  the  recordings  o*  the  seismic 
oscillation  can  be  readily  excluded  by  using  a  correspon¬ 
ding  frequency  filtration  of  the  oscillations  in  the  ap¬ 
paratus;  *e)  in  the  water  there  may  be.  produced  the  so- 
called  "seismic  reverberation  oscillations",  connected 
principally  with  unevenness  in  the  bottom;  these  oscilla-  . 
t ions  propagate  la  a  water  layer  with  a  velocity  of  appro¬ 
ximately  1»5  km/ sec  (velocity  of  sound  in  the  water),  and 
are  characterised  by  a  broad  spectrum  of  frequencies  and 
frequently  with  very  large  intensities;  if  the  bottom  de¬ 
posits  absorb  weakly  the  elastic  energy,  then  these  oscil¬ 
lations  are  weakly  damped  in  time  and  in  space,  in  view  of 
the  negligibly  small  absorption  of  sound  in  the  water. 

All  these  circumstances,  and  principally  also  the  seis¬ 
mic  reverberation,  make  the  marine  seismic  prospecting 
more  complicated,  and  at  certain  sections  with  part  Icularxy 
intense  reverberation  noise  they  make  prospecting  by  uhe 
method  of  reflected  waves  practically  impossible. 

Experiments  with  the  CKRW,  carried  out  at  the  shores  of 


the  same  character  as  on  land* 

The  important  advantage  of  the  CMBW  over  the  method  of 
reflected  waves  in  prospecting  in  the  zones  of  reverbera- 


dor ably  later  than  the  traced  refracted  waves*  In  view  of 
these."  they  cannot  serve  as  interference  in  prospecting  by 
the  C MW  [273*  ,, 

As  regards  repeated  impacts,  the  follwoing  can  be  said. 
These  impacts  can  make  it  quite  difficult  to  interpret 
correctly  the  recordings  by  the  method  of  reflected  waves, 
in  connection  with  the  fact  that  the  reflected  waves  are 
always  separated  in  the  region  of  successive  arrivals  on 
the  seismograms  and  have  approximately  parallel  holographs, 
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The  reflceilons  due  to  the  repeated  shocks  may  be  erro¬ 
neously  assumed  as  reflections  axm  to  the  explosion  it-  _ 
s-alfj  but  connected  with  deeper  separation  boundaries*  The 
very* fact  of  the  existence  of  repeated  impacts  can  some¬ 
times  he  established  with  difficulty  by  means  of  only  the ^ 
form  of  the  seismograms  obtained  in  the  usual  technique  of 
operations  by  the  method  of  reflected  waves, . in  view  of 
the  extensive  utilization  of  automatic  amplitude  regula¬ 
tion,,  The  latter  distorts  particularly  strongly  the  form 


the  recording  in  the  initial  portion  of 


the  seismo¬ 


graph*  soon  after  the  first  arrivals,  when  the  repeated 
impacts  could  be  most  easily  noted  *  Concerning  the  pre¬ 
sence  of  repeated  impacts  one  can  judge  on  the  basis  of 
indirect  data*  the  fact  that  the  shape  of  the  oscillations 
does  not  remain  the  same -on  the  repeated  records  at  one 
and  the  same  points,  but  such  a  phenomenon  may  be  due  also 
tc  other  causes. 

In  working  with  the  CMBW  no  amplitude  regulator  is  used, 
as  a  rule  (Chapter  II}*  This  makes  it  possible  to  detect 
repeated  impacts  in  a  more  direct  manner  -  by  thejform  of 
the  recording  on  one  end  of  the  same  seismogram*  It  is 
then  easier  to  take  them  into  account  in  the  interpreta¬ 
tion®  If  the .refracted  waves  are  traced  in  the  region  of 
the  first  arrivals,  then  the  presence  of  repeated  impacts 
does  not  influence  at  all  the  results  of  the  interpreta¬ 
tion*  However,  If  the  refracted  waves  are  traced  in  the 
next  portion  of  the  seismogram,  where  the  influence  of 
the  repeated  impacts  can  appear,  then  the  decoding  of 
their  recordings  is  still  made  easy  by  the  fact  that  the 
refracted  waves,  connected  with  the  different  boundaries, 
usually  have  different  apparent  velocities,  whereas  the 
refracted  waves,  connected  with  one  and  the  same  boundary. 


but  due  to  an  explosion  and  repeated  impacts,  have  identi¬ 


cal  apparent  velocities  * 

The  main  principal  capabilities  of  the 
i  ting  at  sea  remain  the  same  as  on  land* 


w  in  pros pee « 


ue-nth  sounding  of  the  earth* s  crust,  ibcperieae©  of  re- 
cent  years  has  shown  that  with  tie  aid  of  the  CMRW  one  can 
sound  the  earth*  s  crust  .at  a  depth  of  several  tens  of  ^kilo¬ 
meters  (tip  to  50  kilometers  and  more),  Mien  the  method  of 
reflected' waves  is  used  for  this  purpose  in  regions  where 
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the  crystalline  foundation  is  covered  by  a  thick  layer  of 
horizontally  stratified  sedimentation  formations,  a  diffi* 
;y  is  encountered  at  first,  due  to  the  arising  multi- 
reflected  waves  in  the  layers  of  the  sedimentation  co¬ 
ver*  which  may  mask  the  reflections  that  arrive  from  in¬ 
side  the  earth's  crust.  A  stratified  medium  covering  uhe 
crystal  foundation  may  be  “little  transparent 11  for  depth 
reflections,  at  least  for  oscillations  at  those  frequen¬ 
cies  (from  ten  cycles  and  above)  with  which  the  Invest Iga- 
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ions  have  been  carried  out.  However,  in  places  where  the 


crystal  rocks  immerge  directly  on  the  surface  of  the  earth, 
no  clear  depth  reflections  have  yet  been  observed. 


Indie  case  of  deep  sounding  of  the  earth* s  crust  by 
means  of  refracted  waves  (CM)  it  is  necessary  to  regi~ 
ster  the  oscillations  at  distances  on  the  order  of  several 
hundreds  of  kilometers  from  the  point  of  explosion.  At 
such  large  distances  the  high  frequency  oscillations  are 
rapidly  attenuated,  and  consequently  for  deep  sounding 
'  one  uses  lower  frequency  than  in  ordinary  seismic  pros pec- 
t  ing  • 


The  explosions  are  made  in  natural^  water  reservoirs. 
Charges  ranging  from  several  tens  to  hundred  and  more  kilo¬ 
grams  of  explosives  of  the  ordinary  type  ars  used.  We  note 
that  prior  to  the  application  of  the  CMB.W,  the  registra¬ 
tion  of  seismic  waves,  produced  by  artificial  sources  sc 
such  large  distances  was  possible  only  by  using  high  com¬ 
mercial  explosives,  where  hundreds  and  thousands  of  tons 
of  explosive  matter  were  exploded  simultaneously* 

The  correlation  methods  of  registration  of  waves  are 
now  being  used  also  in  “large  scale’*  seismology  in  the 
study  of' 'waves  produced  by  natural  earthquakes. 

Thus,  in  the  region  of  deep  sounding  of  the  earth's 
crust  and  the  study  of  internal  portions  of  the  earth,  the 
J  methods  of  seismic  prospecting  are  related  directly,  by  r 
'  means  of  the  CMRW,  with  the  latest  methods  of  the  science 
of  earthquakes,  developed  in  the  Soviet  Union. 
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Chapter  VIII 


COMPARISON  OF  THE  CMRW  WITH  OTHER  SEISMIC  METHODS 


At  the  present  time  In.  the  practice  of  seismic 
prospecting  the  most  widely  used  is  the  method  of  reflec¬ 
ted  waves  *  Recently  the  CMRW  began  to  be  used*  The  method 
of  first  arrivals,  which  was  developed  earlier  than  other 


s e i s mic  method s , 


till  being  used,  but  rarely;  it 


clearly  does  not  correspond  to  the  modern  level  of  develop 
meat  of  knowledge  and  technology  and  is  dying  out,  being 
replaced  by  the  CMRW* 

We  give  below  a  comparison  of  the  CMRW  with  the 
method  of  first  arrivals  and  with  the  method  of  reflected 
waves*  The  purpose  of  the  comparison  is  the  clarification 
of  the  place  that  the  CMRW  should  occupy  among  the  other 
methods  of  seismic  prospecting* 


Comparison  of  the  CMRW  with  the  Method  of 
First  Arrivals 


The  CMRW  and  the  method  of  first  arrivals  are 
based  on  the  registration  of  waves  of  one  and  the  same 
type  -»  on*  the  registration  of  refracted  or  frontal  wa- 


(  baa  flfiflrvfc 


Chanter  I), 


Separation  and  tracing  of  the  waves  *  The  $  epa, ra¬ 
tios  and  tracing  of  the  waves  In  these  two  methods  is  ba¬ 
sed  on  different  principles  *  In  the  CMRW  the  waves  are  se¬ 
parated  and  traced  in  the  region  of  first  arrivals  and  in 
the  region  of  subsequent  .arrivals,  on  the  basis  of  the 
principles  of  phase  correlation*  With  this,  one  takes  into 
account  all  the  singularities  of  the  shape  of  the  reeor- 


and  the  in-phase  reiavion&uxp  w  ***«w~™.  ---■■ 

a  tracing  makes  it  possible  to  investigate  xn  ds*u 
behavior  of  individual  waves  and  to  separate  repxaeemen* 
of  waves  most  reliably  by  means  of  the  ^ismograms.  Tne 
procedure  of  observations,  used  in  the  C.^  ,  insuies  t  e 
possibility  of  directly  tracing  the  waves  along  uh-  line 
of  observations  or  over  an  area* 

In  the  method  of  first  arrivals  one  notes  on  the 
seismograms  the  barely  noticeable  moments  of  the  .tart  of 
the  oscillations  j  which  are  assumed  to  oe  w 

the  waves •  The  only  quantity  which  characterizes  the  wave 
is  the  time  of  its  arrival.  The  separation  of  uht 
dual  waves  is  carried  out  by  the  hodographsi  bhe  prin^- 
pal  criterion  in  this  case  is  the  presence  of  break-  in 
the  hodgraph,  due  to  the  changes  in  the  apparent  v&~oci 
ties. 

In  the  decoding  of  the  holographs  of  the  first  ar¬ 
rivals  it  is  frequently  difficult  to  solve  uniquely  the 
nrob3em  of  the  cause  of  the  break  in  tne  hodograpa»,  whe 
ther  it  is  caused  by  the  arrival  of  a  new  wave,  correspond 
4-.~,  «  ^a«inai«  i  svftf  with  a  greater  velocity,.  o t  whethei 


one  and  the  same  separation  boundary. 

The  registration  of  waves  in  the  region  of  subsej* 
quant  arrivals*  which  is  carried  out  in  works  on  the 
2aS  it  possible  to  establish  uniquely  the  cause  of  the 
break  in  the  hodograph  by  means  of  an  analysis  -j.  the  cha 
raster  of  the  transition  of  the  first  waves  into  tne 
p-ion.  of  snbseouent  arrivals,  xl  one  passes  a* t ex  the  poih 
of  the  break  in  the  wave  from  the  region  of  firs arrivals 
into  the -region  of  subsequent  arrivals  and  one  traces  in 
this  region  over  considerable  distances,  chis  indicates 
the  arrival,  of  a  new  wave,  corresponding 'to  a  deeper  se¬ 
paration  boundary.  But  if  the  oscillations  on  both  .  s*aes 
of  the  point  of  break  are  traced  only  in  the  region  Ox 
°r  Pl^rival  or  at  a  very  small  interval  in  the 

*  -  ft  ....  —  ■> ...  JS  i  ifH 


I  in  the 


the  first  arrivals ,  or  at  a  very  wudxx 
region  of  the  successive  arrivals,  and  the  shape  of  the 
recording' upon  going  through  the  point  ^.he  bre^c,  does 
not  change,  this  indicates  a  cnange  in  the  coig^e  of  incli 
nation  of  the  same  separation  boundary. 
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Fig.  112.  Seismograms  obtained  working  with  the 
method  of  first  arrivals  [41]:  a  -  at  r  =  11  -  14  kilo¬ 
meters,  Q  =  200  kilograms;  b  at  r  =  23-26  kilometers, 

Q  -  600  kilograms.  The  arrows  indicate  the  first  arri¬ 
vals. 


kr  -  kg 
cek  -  sec 
km  -  km 


Registration  of  the  first  arrivals.  An  examination 
of  the  materials  obtained  w  it  fa."  the  aid  of  the  method  of 
first  arrivals  shows  that  the  separation  of  the  actual  ’ 
first  arrivals  of  the  waves  on  the  recording  is  in  the 
overwhelming  majority  of  cases  exceedingly  difficult  or 
impossible.  In  view  of  the  damping  of  the  oscillations 
with  distance,  it  becomes  possible  to  separate  on  the 
recordings  only  certain  subsequent  phase's  of  oscillations, 
which  are  sufficiently  weak  in  intensity.  These  visible 
starts  of  the  recordings  were  indeed  taken  as  a  first  arri¬ 
val,  Fig,  112  shows  seismograms  obtained  in  working  by  the 
method  of  first  arrival  in  1941  [41]. 

In  investigations  based  on  the  method  of  first  arri¬ 
vals  with  the  aid  of  the  apparatus  used  in  the  method  of 
reflected  waves,  the  separation  of  the  first  arrivals  of 
the  waves  is  even  more  difficult.  The  higher-frequency 


components  of  the  oscillations,  produced  by  the  explosion, 
for  the  registration  of  which  the  apparatus  of  the  method 
of  reflected  waves  is  tuned,  are  attenuated  with  distance 
more  rapidly  than  the  low-frequency  components,  and  the 
separation  of  the  arrivals  of  the  waves  on  the  recordings 
becomes  impossible  as  a  rule*  Only  at  very  small  distan¬ 
ces  from  the  point  of  explosion  is  it  possible  to  sepa¬ 
rate  the  first  arrivals  of  the  waves*  The  separation  of 
the  later  phases  of  the  oscillation  instead  of  the  true 
first  arrivals  of  the  instants  of  registration  should  re¬ 
sult  in  errors  in  the  interpretation  of  the  materials* 

It  must  be  noted  that  the  tracing  of  the  first 
arrivals  is  not  excluded  when  working  with  the  CMRW,  but 
is  a  component  part-  of  this  method,  whereas  the  tracing 
of  the  first  waves  by  methods  used  in  the  CMRW  can  be 
carried  out  much  more  reliably  with  allowance  of  the  sin¬ 
gularities  of  the  form  of  the  recordings  in  the  initial 
portion  of  the  seismogram* 

The  correlation  tracing  of  the  waves  makes  it  pos¬ 
sible  to  carry  out  a  correct  tracing  of  the  phases  of  the 
oscillations  and,  by  introducing  corrections  for  the  first 
arrivals,  to  -correlate  the  observed  data  with  the  first 
arrivals* 

Regions  of  traceability  of  the  waves*  The  regions 
of  traceability  of  each  individual  wave  are  small  in  the 
method  of  first  arrivals  as  compared  to  the  CMRW*  In  the 
CMRW  it  is  possible  to  trace  waves  in  the  region  of  suc¬ 
cessive  arrivals  before  and  after  the  emergence  of  the 
wave  into  the  region  of  the  first  arrivals  and  after  the 
transition  of  the  wave  from  the  region  of  first  arrivals 
into  the  region  of  sue ceding  arrivals*  When  working  by 
the  method  of  first  arrivals,  the  wave  can  be  traced  only 
in  that  portion,  where  it  is  registered  as  first. 

Fig.  113  shows  a  schematic  hodo graph  for  a  medium 
with  two  refracting  boundaries*  The  wave  t2,  correspon¬ 
ding  to  the  boundary  (2),  is  traced  in  the  region,  of  first 
arrivals  in  the  section  CD*  Mien  tracing  the  wave  in  the 
regions  of  both  the  first  and  subsequent  arrivals,  the 
separation  of  the  wave  t2  is  possible  over  a  considerably 


<P  ‘fat 


greater  section  from  the  point  A  to  a  certain  point  E, 
where  the  wave  tg  is  damped  out  or  else  its  tracing  beco¬ 
mes  impossible  for  some  other  causes  (interference  with 
other  waves,  etc,). 


Fig*  113.  Schematic  hodographs  of  refracted  waves 
for  a  three-layer  medium. 


Fig*  114  shows  hodographs  obtained  in  investiga¬ 
tions  by  means  of  the  CMRW.  The  wave  tg  can  be  traced  in 
the  region  of  successive  arrivals  starting  with  a  distance 
on  the  order  of  r  =  4  km  from  the  explosion  point,  and  in 
the  region  of  first  arrivals  it  immerges  only  at  a  distanc 
of  r  =  approximately  13  km. 

Number  of  traced  waves.  In  the  method  of  first  ar¬ 
rivals  in  each  of  the  profile  it  is  possible  to  separate 
only  one  wave,  registered  as  the  first  wave.  In  the  CMRW 
and  one  and  the  same  section  of  the  profile  one  can  trace 
simultaneously  several  waves,  corresponding  to  different 
separation  boundaries:  one  of  these  waves  is  registered  as 


IP  (initial  point),  JTB  -  EP  (explosion  point) 


first*  and  all  the  others  are  registered  in.  the.  region 


of  successive  arrivals, 


This  makes  it 


)le  to  carry 


out  a  more  complete  study  of  the  medium*  On  Fig*  1  If?  is 
shown  a  hectograph  by  the  CMRW, .  showing  that  in  the  sec¬ 
tion  r  =  700-900  at  point  of  explosion  490,  there  have 
been  traced  simultaneously  the  waves  t*  where¬ 

as  the  method  of  first  arrivals  would  lake  it  possible  to 
separate  in  the  same  section  only  the  wave  * 

Procedure  of  observations*  The  possibility  of  tra- 
cing  waves  in  the  region  of  subsequent  arrivals  and  con¬ 
sequently  the  possibility  of  simultaneously  tracing  seve¬ 
ral  waves  in  one  and  the  same  section,  makes  the  CMRW 
methodologically  superior  to  the  method  of  first  arrivals* 

The  registration  of  succeeding  arrivals  makes  it 
possible  to  reduce  the  length  of  the  profile,  to  reduce 
the  volume  of  work,  and  to  reduce  the  cost  or  the  work* 

By  way  of  an  example,  let  us  consider  the  schemes  of  ob¬ 
servations  for  investigating  the  separation  boundary,  cor¬ 
responding  to  the  refracted  waves,  appearing  in  the  region 
of  successive  arrivals  at  a  distance  r  *  4  km  from  the 
point  of  explosion,  and  emerging  in  the  region  of  first 
arrivals  at  t  «  13  km»  Assume  it  is  required  to  plot  the 
separation  boundary  in  a  scetion  approximately  20  kilome¬ 
ters  long*  When  working  with  t  he  aid  of  the  CMRW,  this  can 
be  realised  by  setting  up  a' system  of  observations  at  maxi¬ 
mum  distances  of  the  order  of  10  kilometers  from  the  explo 
slon  point*  When  working  with  the  method  of  first  arrivals, 
maximum  distances  on  the  order  of  25  kilometers  are  neces¬ 
sary®  The  possible  schemes  of  observations  for  tracing  the 
refracted  waves  in  the  CMRW  and  in  the  method  of  first  ar¬ 
rivals  are  shown  in  Pig*  116* 

Range  of  receipt  ion*  To  separate  the  first  arrivals 
it  is  necessary  to  obtain  more  intense  recordings  than  to 
separate  the  phases  of  the  same  waves*  Therefore,  for  a 
given  type  of *  apparatus ,  regardless  of  the  type,  the  re¬ 
ception.  range  should  always  be  greater  when  tracing  the 
phases  of  the  oscillations  then,  when  tracing  only  the 
first  arrivals*  ■-  .* 


When  working  with  'the  CMRW  it  is  e. 
Individual  more  favorable  sections  (close 


Agb  to  obtain  cv 
>  the  point  of 


Pig  115.  Hodographs  of  refracted  waves,  obtained 
by  the  CMRW.  Cnb^  ETj 


Fig,  116,  Schemes  of  observations  by  the  CMRW  and 
by  the  method  of  first  arrivals.  Thin  lines  -  by  the  CMRW 
thick  lines  -  by  the  method  of  first  arrivals. 


explosion,  free  of  noise,  etc.)  an  intense  recording  of  i 

given  wave,  to  determine  from  this  recording  the  correc¬ 
tion  for  tne  first  arrivals,  and  to  introduce  this  correct 
tion  into  the  hodographs  of  the  phases.  In  the  method  of 
first  arrivals  it  is  necessary  to  obtain  systematically, 
along  the  entire  profile,  recordings  of  the  first  arrivals 
of  the  waves,  and  this  requires  large  charges. 

If  we  compare  the  reception  range  in  the  method  of 

first  arrivals  in  the  version  used  during  prospecting 
(i.  e*.  where  one  uses  mechanical,  capacitive,  and  micro¬ 
phone  rypes  of  seismographs)  with  the  CMBW  (where  modern 
apparatus  is  used)  we  see  the  CMRW  affords  a  considerably 
greater  reception  range  than  the  method  of  first  arrivals. 
Certain  data  on  the  magnitudes  of  the  charges,  used  in  in¬ 
vestigations  with  the  CMRW  and  with  the  method  of  first 
arrivals  at  different  ranges  from  the  point  of  e:xplosion 
are  given  in  Table  9. 
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Study, of  the  separation  boundary  in  those  cases, 
jgnen  the  corresponding  refracted  waves  are  not  registered 
as  fist  waves.  The  two  following  cases  are  possible. 


*17 


a)  When  the  velocity 


in  the  refracting  layer  is 
eater  than  the  velocities  in  all  the  higher  medium* 

_  at  definite  ratios  of  velocities  and  depths  of  the 

different  refracting  layers*  the  waves  corresponding 

a  certain  separation  boundary  may  not  be  registered  as 


and 


to 


first  waves *  In  the  method  of  first  arrivals  this  case  is 
called  the  method  of  dropping  out  of  the  layers  i X4j2i ]  •  , 
A  study  of  such  layers  with  the  aid  of  the  method  of  first 
arrival s  is  impossible*  In  the  CMRW  this  study  represents 
no  principal  difficulties,  since  the  wave  can  be  traced  In 
the  region  of  successive  arrivals* 


b)  If  the  velocity  in  the  layer  is  less  than  the 
velocity  at  least  in  one  of  the  higher  layers*  or  is  ©qua! 
to  it*  the  so-called  phenomenon  of  screening  will  take 
place  [10]* 


The  method  of  first  arrivals  does  not  permit,  in 
principle*  solving  the  problems  connected  with  the  study 
of  behavior  of  the  separation  boundary  located  below  the 
screening  layers,  since  the  waves  corresponding  to  these 
separation  boundaries  are  not  registered  in  the  region  of 
first  arrivals* 


Experimental  and  theoretical  investigations  have 
shown  that  when  the  layer  with  high  velocity  is  thin  _ com¬ 
pared  with  the  wave  length,  the  laws  of  geometric  seis¬ 
mic®  are  not  observed!  a  portion  of  the  energy  of^  the 
oscillations  passes  through  this  layer,  without  obeying, 
the  laws  of  geometric  seistnics,  and  waves  are  formed  which 
glide  over  the  deeper  separation  boundary  with  a  lesser  ve¬ 
locity.  The  waves  corresponding  to  this  boundary  may  be  re¬ 
gistered  in  the  region  of  successive  arrivals*  In.  these  ca¬ 
ses  the  use  of  the  CMKW  makes  it  possible  to  study  the  be¬ 
havior  of  the  layers,  which  are  characterized  by  a  smaller 
velocity  than  certain  of  the  rocks  which  are  located  above 
it  [10]. 

Fig.  6la  shows  a  seismogram,  on  which  is  registered 
the  wave  corresponding  to  a  layer  of  limestones,  loca¬ 
ted  at  a  depth  of  approximately  eight  meters  and  having  a 
velocity  of  approximately  4-km/sec,  as  well  as  the  waves  tgj 
t-3,  and  t4t  corresponding  to  deeper  separation  boundaries 
ITi  a  snadstone  layer  with  velocities  ranging  from  2,000  to 


2,800  rasters  per  second.  Fig®  115  shows 
graphs  of  the  waves. 


the  observed  hodc- 


Fig.  117.  Hodographs  constructed  by  data  obtained 
by  the  method  of  first  arrivals  (after  Ye*  A*  Korida_in 
and  S.  I*  Masarskiy  [41]). 


Study  of  the  structure  of  media  uncler__coMitioris 
of  oscillations.  The  use  of  the 

method  of  fir st  arrival s  under  conditions  of  sharp  dam¬ 
ping  of  the  oscillations  with  increasing  distance  from 
the  point  of  explosion  cannot  yield  correct  resuxts  owxng 
to  the  small  intensity  of  the  individual  waves  or  phases 
of  one  and  the  same  wave,  registered  in  the  region  oi^ 
first  arrivals  at  definite  distances  from  the  point  Ou. 
explosion.  These  oscillations  may  remain  unobserved  and 
then  may  assume  for  the  first  arrivals  the  more  intense 
subsequent  oscillations  (see  Chapters  1  and  17), 


If  one  notes  only  the  first  arrivals,  errors  may 
result  also  from  the  fact  that  the  transition  Trombone 
wave  to  another  or  the  transition  from  one  phase  ox  the 
same  wave  may  remain  unobserved.  The  consequence  of  er¬ 
rors  of  this  kind  may  be  incorrect  conclusions  regarding 


approximately  conformed,  the  study  of  the  structure  of  a 
stratified  medium  by  means  of  the  shape  of  the  holograph 
of  the  first  arrivals  becomes  practically  impossible.  In 
this  case  the  apparent  velocity,  determined  by  hodographs 
of  the  first  arrivals,  increases  gradually  with  increa¬ 
sing  distance  from  the  point  of  explosion,  and  the  hodo¬ 
graphs  of  the  first  arrivals  can  be  taken  to.be  curved 
(Fig.  119b),  which  s erves  as  grounds  for  obtaining  a 
false  idea  concerning  the  types  of  the  registered  waves 
(lower  part  of  Fig,  119b).  As  a  result  of  this,  false 
conclusions  will  be  drawn  concerning  the  velocity  struc¬ 
ture  of  the  medium.  A  stratified  medium  will  be  assumed 
to  be  continuous,  i,  e.,  a  medium  in  which  the  velocity 
increases  monotonically  with  depth. 


Figs  118.  Tracing  of  waves  under  conditions  of 
sharp  damning  of  the  oscillations.  The  solid  lines  indi¬ 
cate  the  hodographs  constructed  with  the  correlation  tra¬ 
cing  of  the  waves:  the  dotted  lines  are  hodographs  con¬ 
structed  by  visible  first  arrivals. 


The  tracing  of  waves  in  the  region  of  succeeding 
arrivals  -  an  analysis  of  the  transition  of  the  wave  from 
the  region  of  the  first  arrivals  into  the  region  of  the 
succeeding  arrivals  -  makes  it  possible  to  establish  the 


actual  type  of  the  waves,  which  are  refracted  (Fig*  119a), 
and  to  draw  from  the  conclusion  concerning  the  stratified 
structure  of  the  medium  (lower  part  of  Fig*  119a)* 

By  way  of  an  example  we  can  cite  a  ho do graph  of 
refracted  waves  obtained  by  the  CMBW  (Fig*  114)*  The  hodo- 
graph  shows  clearly  the  straight-line  branches,  which  go 
over  from  the  region  of  first  arrivals  into  the  region  of 
succeeding  arrivals*  If  one  imagines  that  only  a  first-arri 
val  hodogr&ph  is  available,  it  can  be  readily  approximated 
by  a  smooth  curve,  which  would  give  grounds  for  assuming 
that  the  velocity  increases  gradually  with  depth*  We  note 
that  such  an  assumption  concerning  the  velocity  section 
through  a  given  region  existed  prior  to  the  application 
of  the  CMRW, 


Pig*  119.  Hodographs  and  corresponding  schemes  for 
the  construction  of  media*  a  -  hodograph  constructed  in 
the  correlation  tracing  of  waves  (stratified  medium)?  b  - 
hodograph  constructed  from  data  of  the  method  of  first  ar¬ 
rivals  (continuous  medium). 


The  comparison  of  the  CMRW  with  the  method  of  first 


arrivals  shows  that  the  method  of  f 

???«  S:  C^ThfusHf  tX  Sofo?Cf!^arrl- 

vals^oannot^lnsOTe  reliable  results  when  solving  the  maio- 

rity  of  problems  possible  In  practice.  Jfce  fcr  Zh~ 

first° arrivals  is  realized  reliably  with  the  aid  of  the 

CMRW, 

-  Th?h5  ^fofnrs?  S?t52!.'m1tS  aelu“l? 
?LSSlle  problems  ?ortXrr.XolX?f£st  arrivals  must 
le  iolved  w?th  the  aS  of  CMRW,  not  with  the  method  of 
first  arrivals . 

2.  Comparison  of  the  CMRW  with  the  Method 
of  Reflected  Waves 

The  correlation  method  of  refracted  waves  ana  uhe 
method  of  reflected  waves  are  based  on  the  r  eg  is tr&t lo - 
of  waves  of  different  types  -  refracted  and  reflected 

waves* 

asaaaasz  asaas-  ^  the  cmr®  ana  in  the  ^ot 

reflected  waves  on®  uses  in  the most  °®“®i  Oration  of  ap- 
p.w.lXt elytqSSf frXiencies, ,  r ang ing^f r™t|°^°i®°ad^_ 

|&geo5  to“IoC“Ir  toe?eSstrat ion  at  lower  frequencies'. 

Oaeratire  procedure.  The  procedure  of  observations 
in  the  metHoi^of  reflected  waves  is  simpler  than  in 
riTHW  Tn  addition,  the  procedure  of  observation  with  relT  -■ 

?ld  w=ws-  ff  JZ&tlM*  than  me  procedure  of  observ 

+-on  wTtb  refracted  waves.  The  observation  systems  used  in 

.  the  CMRW  depend  substantially  on  the  ^Ss^^the^Iloci^ 
ted  separation  boundaries  and  on  the  values  < of  the  ; jeioci^ 

ties  in  the  medium,  whereas  in  the  method  o  £***  ^nd 
ves  the  systems  of  observations  in  different  S 
in  the  solution  of  different  problems  are  for  th« e  jo. 
cases  approximately  the  same,  fhe  simplici  y  ■■  _ 

dardisation  of  the  observation  procedure  i  - 
reflected  waves  are  the  advantages  of  this  method* 


(land  1 1  Ions _  of  e.xc It atfon  of . Gsclll?|tlions ♦  The 

CNRW  is  characterized  by  a  considerably  smaller  dependence 
of  the  quality  of  the  seismograms  under  conditions  of  sani¬ 
tation  of  oscillations,  than  for  the  method  of  reflected 
waves  * 

In  many  regions  it  becomes  possible  to  register 
clear  reflected  waves  only  in  the  case  of  explosions  in  ^ 
clay  rocks  and  sufficiently  deep  holes  (fa.  ~  30-^0  meters ;* 
In  the  case  of  shallow  holes  and  in  the  case  when  the  ex>_ 
plosions  are  made  in  sandy  or  cracked  rocks,  one  frequency,; 
cannot  record  clear  reflected  waves. 

It  is  possible  to  obtain  recordings  of  refracted  wa¬ 
ves,  as  a  rule,  with  explosions  in  sufficiently  shallow 
bore  holes .  In  some  cases  the  use  of  the  CMRW  is  possible 
also  in  the  case  of  explosions  in  wells.  Fig.  120  shows  a 
seismogram,  obtained  with  explosions  in  a  bore  hole  of  a 
depth  of  6  meters  at  a  distance  r  ~  3115*6665  meters  from 
the  point  of  explosion. 

Humber -of  traceable  waves.  In  most  cases  when  wor¬ 
king  fay"the  method  of  reflected  waves  one  can  register 
more  waves  than  in  observations  by  the  method  of  refracted 
waves. 

Regions  of  traceability  of  the  waves,.  Depending  on 
the  regions  of  traceability  of  the  reflected  and  refracted 
waves  and  on  the  conditions  of  registration  of  these  waves, 
either  method  may  be  better*  In  some  regions  the  reflected 
waves  can  be  traced  continuously  only  at  relatively  short 
sections.  Under  the  same  conditions  the  regions  of  trace- 
ability  of  the  refracted  waves  are  considerably  greater* 

Ari  example  of  this  is  the  data  obtained  In  eastern 
Apsheron  and  in  the  Tuyra&zinskaya  rayon,  where  a  continu¬ 
ous  tracing  of  the  reflected  waves  in  many  cases  is  pos¬ 
sible  only  over  relatively  short  sections  of  the  profile 
and  not  everywhere 5  on  the  other  hand  refracted  waves  were 
traced  continuously  over  a  long  distance.  The  possibility 
of  continuous  correlation  of  waves  at  longer  intervals 
makes  it  possible  to  give  preference  to  the  CMPW  over  the 
method  of  reflected  waves.  This  is  particularly  important 
in  those  cases,  when  the  layers  are  not  coordinated  and 


when  the  problem  of  the  investigations  consists  of  stu¬ 
dying  the  behavior  of  the  definite  separation  boundaries, 
located  in  this  section,  I*  eM  when  the  construction  of 
the  arbitrary  levels  cannot  insure  sufficient  accuracy. 


In  the  case  of  weak  velocity  differentiation  of 
rocks  by  velocities,  the  reflected  waves  that  correspond 
to  sufficiently  remote  separation  boundaries  may  be  traced 
separately  in  the  region  close  to  the  point  of  explosion* 
Under  the  same  conditions  the  refracted  waves  that  corre¬ 
spond,  to  the  same  two  boundaries  may  form  one  complex  in¬ 
terference  oscillation  over  the  entire  extent  of  the  pro¬ 
file.  In  this  case  the  method  of  reflected  waves  has  ad¬ 
vantages  over  the  CHEW*  In  the  case  of  considerable  dif¬ 
ferentiation  of  the  boundary  velocities,  for  two  closely 
located  separation  boundaries,  the  reflected,  waves  can  be 
traced  only  under  conditions  of  interference  phenomena, 
and  the  refracted  waves  can  be  resolved  on  the  recordings 
upon  choice  of  suitable  procedure  of  observations*  In 
this  case  the  advantages  are  in  favor  of  the  CMBW. 


J  &gfcegffil&atioa  .Of  the  velocity  section.  In.  the  in¬ 

ter  pretax  .ton  of  the  holographs  of  reflected  and.  refracted 
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gated  medium* 


From  the  hodographs  of  the  reflected  waves  it  is 
possible  to  determine  the  average  velocity*  In  the  pre¬ 
sence  of  a  series  of  hodographs  of  reflected  waves,  cor¬ 
responding  to  the  separation  boundaries  located  at  diffe¬ 
rent  depths,  one  can  calculate  from  the  values  of  the  ave¬ 
rage  velocities  the  layer  velocity  in  the  intervals  between 
t.ne  reflecting  boundaries.  We  note  that  the  value  of  the 
layer  velocity  is  determined  with  little  reliability  by 
means  of  data  of  the  method  of  reflected  waves  [333 » 

From  the  hodographs  of  the  refracted  waves  one  de¬ 
termines  the  boundary  velocities  in  the  refracting  layers. 
Txi$  value  of  the  boundary  velocities  determines  very  re¬ 
liably  'under  considerable  variations  of  the  value  of  the 
velocity  of  the  covering  .medium  [33] • 


b 


The  experimental  data  show  that  the  values  of  the 
boundary  velocities  as;-a  rule  carnet  he  extended  over  the 
entire  layer  contained  between  the  refracting  boundaries* 

‘1  he  boundary  velocities  Yl  correspond  for  the  most  part 
to  the  more  or  less  thin  layers  with  greater  velocities 
between  the  surrounding  rocks*  The  values  of  the  boundary 
velocities  characterise  the,  physical  properties  of  the  re¬ 
fracting  layers*  Knowledge  of  this  quantity  facilitates  the 

separation  boundaries*  the  comparison 
ox  the  seismic  sections  with  each  other  in  the  case  when  ' 
the  measured  sections  are  separated  or  when  the  breaks 
are  absent  in  the  correlations.*  in  addition,  they  make  it 
possible  to  carry  out  more  reliably  the  identification  of 
the  seismic  boundaries  with  the  geological  ones. 


. .  121  SOKe  cases  one  can  determine  from  the  CJffiW  data 

che  average  velocity  ?  (based  on  the  initial  points*  or 
points  in  the  breaks  in  the  hodo graphs ) »  Experiments  have 
shown  that  data  on  ¥$  obtained  by  the  method  of  refracted 
waves,  are  usually  insufficient  to  judge  the  character  of 
variation-  of  the  average  velocity  with  d  epth  or  along  the 
profile,  and  are  more  so  insufficient  for  the  determina¬ 
tion  of  the  layer  velocities. 


Depth  of  investigation*  For  the  method  of  reflected 
waves,  the  investigation  of  separation  boundaries  located 
.  small,  depths  (up  to  300-400  meters)  is  rarely  possible; 
^^Testigati011  of -great  depths  <4 ,000-5, 000  meters),  the 
method  of  reflections  does  not  yield  in  some  cases  reliable 
materials,  owing  to  the  absence  of  clear  reflections*  owing 
U©  the  presence  of  multiple  waves,  etc*  The  CKRW  makes  it 
possible  to  investigate  both  small  and  large  depths*  In  the 
investigation  of  large  depths,  when  it  is  necessary  to 
carry  out  observations  at  great  distances  from  the  point 
of  explosion,  good  conditions  are  necessary  for  the  CMRI 
with  respect  to  excitation  of  the  oscillations  (water 
reservoir,  deep  shot  holes). 


.  In  regions  where  intense;  noise  is 

produced  oy  waves  propagating  in  the  surface  layers  (sur¬ 
face  waves,  reverberation  in  the  sea),  the  use  of  the 
method  of  reflected  waves  becomes  difficult  or  impossible 
because  of  the  fact  that  the  noise  arrives  simultaneously 
w.ttn  the  reflected  waves  or  masks  them  (Fig*  121)# 


For  the  method  of  refracted  waves  these 
not  play  a  substantial  role*  since  the  regions 
stration  of  noise  in  the  refracted  waves s  as  a 

different  (Fig.  121)* 


noises  do 
of  regi- 
rule,  are 


An  example  are  the  zones  of  55  r  ©verb  er  at  ion”  in  the 
sea,,  in  the  region  of  the  Apsheron  peninsula*  Beverbera- 
tion  oscillations  are  registered  in  the  same  time  range  as 
the  reflected  waves,  and  interfere  with  the  separation  of 
the  latter*  For  the  refracted  waves,  the  presence  of  rever¬ 
beration  noise  is  important,  since  the  refracted  waves  are 
registered  at  small  times,  and  the  reverberation  oscilla¬ 
tions  do  not  interfere  with  their  separation* 

Study  of  thin  layers*  Thin  layers,  characterised 
by  velocities  greater  than  the  velocities  in  the  surroun¬ 
ding  rocks,  can  be  investigated  to  advantage  with  the  aid 
of  the  CM, 


As  indicated  in  Chapter  1,  the  refracted  waves  are 
formed,  at  very  small  ratios  f  (thickness  of  the  layer  to 
the  wavelength)*  These  waves  have,  at  certain,  distances  fro¬ 
th©  point  of  explosion,  a  considerable  intensity  and  are 
clearly  separated  on  the -recordings*  The  separation  of 
waves  reflected  from  thin  layers  is  not  always  possible. 

The  phenomenon  of  reflections  from  thin,  layers  has  been 
investigated  theoretically  and  experimentally  for  other 
branches  of  physics  (acoustics,  optics)*.  The  data  obtained 
indicate  that  in  the  case  of  thin  layers  the  greater  pert 
of  the  energy  of  the  wave  passes  through  the  thin  layer' 
and  only  a  very  small  fraction,  of  the  energy  is  reflected* 
An  analogous  phenomenon  can  serve  as  the  cause  of  absence 
of  very  low  intensity  of  seismic  waves  reflected  from  a 
thin  layer. 
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Fig*  121.  Arrangement  of  the  regions  of  tracing 
of  different  waves s  1  -  reflected  (solid  line);  2  -  re¬ 
fracted  (dotted);  3  -  direct  (dash-dot),  and  4  -  surface 
(shaded). 


Study  of  poorly  reflecting  separation  boundaries. 

It  Is  known  that  certain  clear  refracting  boundaries,  such 
as  the  surface  of  salt  domes  and  the  surface  of  a  crystal¬ 
line  foundation,  are  frequently  poor  reflectors.  This  may 
be  due  to  the  fact  that  the  boundaries  have  a  “rough”  or 
“wavy”  form*  Such  boundaries  scatter  for  the  most  part 
the  incident  seismic  waves;  no  regular  reflections  are  for¬ 
med  at  the  relatively  high  frequencies  used,  in  the  method 
of  reflections  [48],  For  refracted  waves,  immerging  from 
the  lower  medium,  experiment  has  shown  that  the  scattering 
properties  of  such  a  boundary  are  not  as  important* 

The  second  cause  cf  the  absence  of  reflections  from 
certain  separation  boundaries  may  be  the  presence  of  a 
transition  zone  at  t he  boundary,  i*  e*,  a  zone  in  which 
the  acoustic  stiffness  changes  smoothly  with  depth  [48]* 

The  presence  of  such  a  zone  for  the  formation  of  refracted 
waves,  as  indicated  by  experimental  data,  may  be  insignifi¬ 
cant. 


It  is  known  that  the  surface  of  crystalline  rocks 
has  an  uneven  form  and  is  frequently  characterized  by  the 
presence  of  a  “weathering”  zone,  in  which  the  velocity  and 
density  increase  with  depth'*  The  surface  of  salt  domes  also 
frequently  has  an  uneven  rough  form*  Such  singularities  may 
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be  had  also  by  other  separation  boundaries,  and  this 
should  cause  difficulties  in  the  registration  of  the  re- 
fleeted  waves® 

Solution  of  structural  problems  *  In  the  disclosure 
and  investigation  of  structural  forms  under  conditions 
when  the  layers  at  considerable  -epth  intervals  are  coordi¬ 
nated.  both  the  method  of  reflected  and  refracted  waves  can 
be  used®  The  advantages  of  one  or  the  other  methods  are  de¬ 
termined  by  the  ratios  of  the  velocities,  by  the  thickness 
of  the  layers,  by  the  depth  of  the  investigation,  etc* 

To  investigate  the  structural  forms  in  an  uncoor¬ 
dinate  location  of  the  layers,  under  a  favorable  velocity 
ratio  (see  Chapter  VII),  the  COT  has  many  advantages  over 
the  method  of  reflected  waves*  The  basis  for  this  is  the 
possibility  of  determining  the  boundary  velocity  and  the 
possibility  of  continuous  tracing  the  wave  over  large  dis¬ 
tances* 


An  investigation  of  faults  is  possible  primarily 
with  the  aid  of  the  CMRW®  Here  it  is  possible  to  trace  the 
refracting  boundaries  and  to  determine  the  amplitude  of  the 
fault  by  comparing  the  values  of  the  boundary  velocities, 
obtained  on  both  sides  of  the  fault  line*  The  same  conclu¬ 
sion  can  be  made  also  for  tapering  layers® 

An  investigation  of  a  medium  with  vertical  or 
st ©eply-inclined  boundaries  is  possible  with  the  aid  of 
the  OMHW#  A  detailed  analysis  of  the  form  of  the  recor¬ 
dings,  the  identification  of  special  types  of  waves  ocou- 
ring  with  such  a  structure  of  the  medium,  and  an  analysis 
of  the  data  regarding  the  boundary  velocities  make  it  pos¬ 
sible  to  investigate  the  structure  of  media  of  this  kind 
(see  Chapter  TXX)# 

The  comparison  shows  that  the  prospecting  capabili¬ 
ties  of  the  CMB.W  and  of  the  method  of  reflected  waves  par-f 
t tally  coincide,  arid  partially  differ  from  each  other*  One 
method  cannot  replace  the  other  completely*  * 

In -solving  certain  problems  it  is  advantageous  to 
use  the  CMRW,  and  In  solving  others  -  the  method  of  reflec¬ 
ted  waves,  and  In  solving  a  large  number  of  a  third  kind  of 
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problems  it  is  advisable  to  use  both  methods  simult&~ 
neously.  This  question  is  discussed  la  the  next '.chapter* 


Chapter  -"DC 


COMBINATION  OF  THE  CMHW  AND  THE  METHi 
OF  REFLECTED  WAVES 


I*  Grounds  for  Combined  Application  of 
the  Two  Methods 


A  comparison  of  the  correlation  method  of  refrac¬ 
ted  waves  and  the  method  of  reflected  waves*  as  well  as 
an  analysis  of  the  experimental  material  obtained  with 
each  of  these  methods  in  the  same  regions*  is  evidence 
that  it  is  possible  in  principle  and ' advantageous  in 
practice  to  employ  simultaneously  both  methods  at  all 
stages  of  work*  from  the  process  of  obtaining  the  seis¬ 
mogram  to  the  final  interpret  at ion  of  the  material* 

The  method  based  on  the  simultaneous,  use  of  the 
method  of  reflected  waves  and  the  GMRW  was  called  the 
combined  method  of  seismic  prospecting  [26]* 

Existence  of  reflect ed..asd  ** ^Mmiy  * 

experiments  -  in  various  regions  nave  shown  the  exigence  of 
reflected  and  refracted  waves*  corresponding  to  separation 
boundaries  contained  in  the  section  of  each  given  region* 
Judging  from  the  seismic  data,  some  separation  boundaries 
are  * reflecting  and  others  refracting,  while  still  others 
are  both  reflecting  and  refracting.  The  presence  of  refleer 
ting  and  refracting  separation  boundaries  in  one  and  the 
same  geological  section  is  the  physical  ground  reason  for 
employing  ih©  combined 
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Methods  of  separating  and. 


ration  and  the  trac. 


of  reflecting 
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;ed  on  the  general  pri 


les  of  phase 


The  frequency  spectra  of  the  reflected  and  refracted 
waves  arc  in  many  eases  similar  to  each  other •  This  cau¬ 
ses  the  apparatus  used  in  the  registration,  of  reflected 

and  refracted  waves  to  be  quite  similar#,  The  fact  that 
the  seme  type  of  apparatus  is  used  makes  In  turn  the  seis¬ 
mic  recordings  common,  and  this  makes  it  possible  to  carry 
out  the  separation  and  tracing  of  reflected  and  refracted 
waves  on  one  and  the  same  set  of  seismograms#  Fig#  6la 
shows  the  seismograms,  on  which  are  registered  the  refrac¬ 
ted  waves  tg*  to  |  and  t.  and  the  reflected  wave  tr, 
corresponding  to  different  separation  boundaries* 


Prospecting  capabilities  of  the  methods#  The  pros¬ 
pecting  capabilities  of  the.  methods  of  reflected  and  re¬ 
fracted  waves,  as  follows  from  the  preceding  chapter,  fre¬ 
quently  coincide,  and  are  frequently  different*  This  makes 
it  possible,  in  combined  application  of  the  two  methods, 
to  compare  and  interrelate  the  data  of  these  methods  and* 
what  is  most  important,  to  obtain  more  complete  and  exact 
information  on  the  structure  of  the  investigated,  medium, 
than  if  only  one  of  the  methods  is  used.  The  latter  redu¬ 
ces  essentially  to  the  followings 

1*  The  construction  of  sections  by  hodographs  of 
refracted  waves  can  foe  carried  out  more  accurately  in  the 
presence  of  data  on  the  average  velocities,  determined  by 
the  hodographs  of  the  reflected  waves# 

2#  Sections  constructed  by  hodographs  of  reflected 
waves  can.  be  supplemented  with  data  on  the  boundary  velo¬ 
cities,  determined  by  the  hodographs  of  the  refracted  wa¬ 
ves*  This  makes  it  possible  to  obtain  the  physical  charac¬ 
teristics  of  the  reflecting  boundaries,  to  facilitate  the 
compilation  of  the  seismic  data  with  the  geological  one. 
and  to  interrelate  the  seismic  data,  obtained  at  unrelated 
observation  regions* 

3*  A  more  complete  and  more  exact  study  of  the  ve¬ 
locity  section  is  possible.  Information  on  the  average 
layer  velocities  '  (method  of  reflected  waves)  and 'boundary 
velocities  (CHEW)  make  it  possible  to  compile  a  most  com¬ 
plete  representation  of  the  physical  characteristics  of 
the  medium.  Particularly  important , are  data  on  the  boun¬ 
dary  velocities,  equal  to  the  true  velocity  of  propaga- 
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tion  of  the  wave3 


along  the  refracting 


la^er^ 


Cosroarlson  of  the  data  concerning  the 
and  boundary  velocities  nake  it  r-o^lble  .o  refine  tao 
?pct innt  to  exhibit  the  presence  ox  chin  lay  -t 
with  U?eaied  vSoStles,  to  determine  the  velocities  In 
thorn  and  to  estimate  the  maximum  thickness;  to  estimate 
thfkES  Of  the  layer  velocities  in  layers  *ose  bo^da- 
ries  are  determined  by  data  of  the  method  of  refracted 
waves s  etc « 

2#  Mixed  Correlation  of  Reflected  and 
Refracted  Waves 


As  noted  in  Chapter  ’IT,  the  regions  of  registra¬ 
tion  of  reflected  and  refracted  waves  are  di-feren«*  *  " 
fleeted  waves  usually  can  be  traced  over 
the  point  of  explosion  to  t  he  initial 

eranhsof  the  refracted  waves;  at  distances  greater  th^n 
th/dlstance  to  the  initial  potot,  these  waves  canno^b. 
separated  on  recordings ,  in  all  Pfj^ablXi^ J3 

their  small  intensity  compared  with  ^^^^^hase^or- 
and  owing  to  the  possible  disturbances  in  the  phase  cor 
relation*  The  refracted  waves  can  be  iogi.^ereu  u^i  ing 
with  the  initial  point  *  towards  the  sine  ox.  lax^ei  ais 
tances® 

The  correlation  of  reflected  and  refracted .waves 
•in  the  regions  of  their  separate  existence  ^  carried^ 
out  by  well  known  methoas  (see  Cnap-er  Rf).  .ne  sxxwua 
ritv  of  the  correlation  of  the  waves  when  working  by  the 
combined  method  consists  principally  of  correla«xOn  01 
the  oscillations  near  the  initial  point*  Thia  question 
is  discussed  partially  in  Chapter  Iv* 

Depending  on  the  features  of  the 
the  region  of  the  initial  point,  one  can  distinguish  ihe 
following  cases s 

a)  The  reflected  waves  are  traced  at  distances 
n  v  b-  v.  a  while  the  refracted,  waves  at  distances 
x  >  Xjp«  ill  initial  points  are  noted  by  means  of  clear 


hodographs,  and  from  the  quality  of  the  values  of  V*  at 
the  initial  point. 


It  is  thus  possible  to  delineate  in  this  case  the 
regions  of  registration  of  the  reflected  and  the  refrac¬ 
ted  waves  and  to  interrelate  the  waves  corresponding  to 
one  and  the  sane  separation  boundary. 


b)  in  the  region  of  the  initial  point,  the  corre¬ 
lation  is  continuous,  the  reflected  wave  is  replaced  by 
a  refracted  one  wothout  a  noticeable  change  in  the  charac¬ 
ter  of  the  record;  the  initial  point  is  not  segregated 
with  the  aid  of  the  shape  of  the  record.  It  is  usually 
difficult  to  establish  the  position  of  this  point  from 
the  shape  of  the  hodograph,  since  the  holograph  of  the 
reflected  waves  near  the  initial  point  is  close  in  form 
to  a  straight  line  and  clear  changes  in  the  form  of  the 
hodograph  are  not  noted.  In  this  case  the  reflected  and 
refracted  waves  corresponding  to  one  and  the  same  separa¬ 
tion  boundary  are  accurately  interrelated,  but  the  deli¬ 


neation  of  the'  regions  of  registration  of  these  waves  can¬ 
not  be  carried  out  with  the  sufficient  accuracy. 


c)  The  intensity  of  the  reflected  waves  changes 
sharply  with  distance  and  it  is  impossible  to  separate 
the  reflected  waves  near  the  initial  point.  The  initial 
point  is  clearly  noted  from  the  occurrence  of  refracted 


this 


impossible  to  recognize  the 


pes  of  waves ,  but;  an  exact  interrelation  of  the  waves,  cor¬ 
responding  to  one  and  the  same  separation  boundary,  is  im¬ 
possible. 


All  the'  foregoing  cases  were  noted  in  experimental  ■ 
investigations.  Theoretically  one  can  imagine  still  another 
case,  when  the  reflected  waves  are  traced  at  distances  x> 

xip* 

d)  In  the  region  of  “the  initial  point  one  notices 
the  interference  of  reflected  and  refracted  waves,  corres- 


ponding  to  one  and  the  same  separation  boundary#  Depen¬ 
ding  on  the  character  of  the  interferences,  cases  may  oc- 
cur  when  the  data  obtained  make  it  possible  to  establish 
whether  the  reflected  or  refracted  waves  belong  to  one  and 
the  same  separation  boundary  and  the  position  of  the  Ini¬ 
tial  points  will  be  determined*  In  other  cases  the  clarifi¬ 
cation  of  one  or  two  of  these  questions  will  be  impossible. 


3.  Combined  Kodographs 


Mien  working  with  the  combination  method,  the 
hodographs  are  obatlned  of  the  reflected  waves  and  of  the 
refracted  waves*  Let  us  consider  the  hodographs  of  the 
waves  corresponding  to  one  and  the  same  separation  boun¬ 
dary.  We  shall  call  a  hodograph  combined,  ii  it  is  obtai¬ 
ned  for  the  same  point  of  explosion,  and  consists  oi 
hodograph  of  the  reflected  waves  and  one  or  two  hodographs 
of  the  refracted  waves,  corresponding  to  the  same  separa¬ 
tion  boundary  (Fig.  122).  We  shall  call  a  system  oi 
graphs  the  correlated  hodographs  corresponding  c.o  uhe  same 
separation  boundary.  Systems  of  hodographs  cons is ulng  of 
combined  hodographs  will  be  called  combined  systems.  Sy¬ 
stems  of  hodographs  consisting  of  all  the  hodographs  oi 
reflected  waves  or  only  of  hodographs  of  refracted  waves 
will  be  called  homogeneous  systems. 


h  o  d.o  g  r  3.  pjt  j 
case  c 
ted  wave 


The  holograph  of  refracted  waves  is  tangent  to  the 

of  reflected  waves  at  the  initial  point*  In  the 


a  plane  separation  boundary 
$  is  a  hyperbola*  while  the 


the  hodograph..  of  refit* 
hodographs  of  the  re¬ 
region  close  to 


the 

the 


shape  of  the  hodo* 


fr acted  waves  are  straight  lines.  In 
the  initial  point*  the  difference  in 

graphs  is  small,  since  at:  large  distances  from  the  point 
of  explosion  the  hodographs  of  the  reflected  waves  are 
nearly  a  straight  line*  The  apparent  velocity  is  determine 
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by  the  hodograph  of  the  refracted  waves, 


o  r 

graph' of  the  reflected .waves  are  the  same  in  th 
hat  includes  the  initial  point* 


nd  by  the  hodo« 


section 


Systems  of  combined  hodographs*  Systems  of  combined 
hodographs  can  be  quite  varied".  We  "snail  describe  only  se¬ 
veral  systems,  corresponding  to  a  medium  with  one  separa¬ 
tion  boundary  of  arbitrary  shape,  and  we  shall  list  the 
quantities  that  can  be '.determined  by  means  of  these  sy¬ 
stems* 

1*  The  simplest  system  a  consists  of  one  combined 
hodograph  (Fig*  123a).  Hodographs  of  this  type  can  be  used, 
to  interrelate  hodographs  of  refracted  waves,  obtained  on 
different  sides  of  the  point  of  explosion*  In  addition, 
such  a  system  will  make  it  possible  to  determine  the  velo¬ 
city  and  to  construct  the  separation  boundaries  *  The 
system  is  sufficient  for  a  unique  interpretation  under  the 
condition  V  ~  const  and  ¥  -  const,  and  also  in  the  case 
when  the  shape  of  the  separation  boundary  does  not  differ 
greatly  from  plane  in  the  section  corresponding  to  the 
hodograph  of  reflected  waves.  On  the  section,  to  which  the 
hodographs  of  refracted  waves  correspond,  the  shape  of 
the  separation  boundary  may  also  be  arbitrary. 

From  the  section  of  the  hodograph  which  is  known 
to  belong  to  the  reflect ed-wave  holograph,  it  is  possible 
to  determine  the  average  velocity  W  and  to  construct  the 
section  of  the  separation  boundary*  If  the  position  of 
the  initial  point  is  known,  it  is  possible,  knowing  the 
value  of  the  average  velocity  T,  to  determine  from  the 
coordinates  of  these  points  the  boundary  velocity 
Prom  the  hodographs  of  the .refracted  waves  it  is  possible 
to  construct  the  refracting  boundary. 
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Pig.  123.  a,  b,  c,  —  systems  of  combined  hodo¬ 
graphs;  — -—  reflected  waves;  — —  —  refracted  waves 


The  system  b  consists  of  two  opposite  hodographs  of 
refracted  weaves,  each  of  which  is  connected  with  the  hodo- 
graph  of  reflected  waves.  The  system  is  interrelated  by 
mutual  points  of  the  hodographs  of  the  refracted  waves 
(Pig.  123b). 

At  an  unknown  velocity  in  the  covering  medium,  the 
system  b  is  sufficient  for  unique  interpretation  provided 
V  =  const-  and  provided  the  shape  of  the  separation  boundary 
is  close  to  the  plane  in  the  sections  that  correspond  to 
the  hodographs  of  the  reflected  waves.  The  following  can 
be  determined  here:  1  (from  the  hodographs  of  the  reflected 
waves),  (from  the  opposing  hodographs  of  the  refracted 
waves),  and  the  position  of  the  separation  boundary  (from 
the  hodographs  of  both  types  of  waves). 

The  system  b  is  sufficient  for  unique  interpreta¬ 
tion,  provided  the  velocity  in  the  covering  medium  is 
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variable  and  is  a  specified • function  of  the  coordinates 
v  =5  V  (R,  x)m  If  we  do  not  have  a  specified  v  »  ¥  (H,  3t), 
but  it  is  known  that  the  angles  of  the  inclination  of  the 
separation  boundary  are  small  and  the  changes  of  Y  with 
depth  and  with  .distance  are  small,  then  it  is  possible  to 
determine  approximately,  from  the  hodographs  of  the  reflec¬ 
ted  waves,  the  values  of  Y  and  these  values  can  be  used  to 
construct  the  separation  boundary  over  the  entire  system 
of  combined  hodographs*  The  determination  of  in  this 
case  is  sufficiently  accurate* 


The  system  b  can  be  used  for  identification  of 
reflected  waves,  corresponding  to  one  and  the  same  separa¬ 
tion  boundary,  and  for  interrelation  of  data  obtained  with 
the  aid  of  the  method  of  reflected  waves  on  separated  sec¬ 
tions* 


3*  The  system  c  consists  of  the  system  b,  to  which 
are  added  opposite  hodographs  of  reflected  waves,  inter¬ 
related  by  mutual  points  with  t  he  hodographs  of  the  re¬ 
flected  waves  of  the  system  B  (Fig*  123c ) *  If  the  velocity 
in  the  covering  medium  is  unknown,  the  system  is  sufficient 
for  unique  interpretation  at  f  =  const  and  for  an  arbitrary 
shape  of  the  -separation  boundary.  The  following  can.  be  de¬ 
termined?  ?  (from  hodographs  of  refracted  waves),'  and  the 
posit 5.on  of  the  separate  boundary  (from  the  entire  hodo- 
graph). 

Unlike  the  systemjb*  the  system  c  insures  the  pos¬ 
sibility  of  determining  Y  from  the  hodographs  of- reflected 
waves  in  the  case  when  the  separation  boundary  has  a  curved 
form  (by  Mutual  points  of  the  hodographs  of  reflected  waves 
and  by  opposite  holographs ) »,„Xn  the  case  when  f  is  a  speci¬ 
fied  function  of  the  depth,  '?  «.-.Y  (H),  the  system  e  is‘  suf¬ 
ficient  for  a  unique  determination  of  Vv  and  of  the  posi¬ 
tion  of  the  separation  bonn  Aary„wh ich  may  have  an  arbitrary 
form*  If  there  is  no  specified  Y  »  Y(H),  then  the  system  c? 
like  the  system  h,  is  sufficient  for  an  approximate  inter pr 
tat ion*  , 

j  , 

Comparison  of  the  combined  and  homogeneous  systems* 
For  hie  purpose  of  comparison  of  eomF'ined  system.s*~¥itli 
homogeneous  systems  j,  let  us  consider  as  an  example  the 
homogeneous  system  that  can  replace 'the  combined  system  a* 


The  system  a  makes  it  possible  to  correlate  two  holo¬ 
graphs  of  refracted  waves,  obtained  with  explosions  at  a 
single  point  *  To  .solve  the  same  problem  by  the  method  of 
refracted  waves '  one  -would  find  it  necessary  to  obtain 
two  holographs  of. refracted  waves  from  two  additional 
explosion  points  (Pig*  124a), 


By  way  of  a  second  example,  let  ns  'compare  the 
homogeneous  -  systems  with  the  combined  system  c»  We  assume 
that  1  is  the  usually  employed  interval'  of  -tracing  of  re¬ 
flections  on  one  side  of  the  explosion  point?  the  length  . 
of  the  profile  is  6  t\  we  shall  assume  that  the  waves  re¬ 
fracted  from  the  separation  boundary  are  easiest  to  trace 
in  the  interval  from  1*5  to  4  €  from  the  point  of  explosion. 


Under  these  conditions,  for  a  continuous  correla- 
tion  of  the  reflected  waves  along  a  profile  of  length  61, 
it  is  necessary  to  have  seven  explosion  points (Fig.  124b). 
For  a  continuous  correlation  of  the  refracted  waves  -  five 
explosion  points  are  necessary  (Fig.  124c).  Thus  the  num¬ 
ber  of  explosion  points  necessary  in  observations  by  the 
method  of  reflected  waves  or  by  the  method  of  refracted 
waves  (7  or  5)  is  considerably  greater  than  the  number  of 
explosion  points  of  the  system  b  of  Fig.  123 *  necessary 
in  the  investigation  of  the  same  separation  boundary  with 
the  aid.  of  the  combined  method.  The  volume  of  observations 
In  this  case  is  also  considerably  less,  as  can  be  seen 
clearly  from  a  comparison  of  Fig.  123 a  with.  Figs.  124b  and 
c. 

In  the  interpretation  of  a  combined  system  one  can 
obtain  more  complete  data  than  in  the  interpretation  of  a 
homogeneous  system.  In  the  interpretation  of  a  system,  that' 
consists  only  of  hectographs  of  reflected  waves  (Fig.  124b) 
one  can  determine  the  following  average  velocity  along  the 
entire  profile  and  the  position  of  the  separation  boundary. 
In  the  interpretation  of  a  system  consisting  of  holographs 
of  refracted  waves  (Fig*  124c},  the  following  can  be  de¬ 
termined!  Boundary  velocity  and  the  position  of  tjhe  sepa¬ 
ration  boundary. ' In  the  interpretation  of  a  combined 
system  the  following  can  be  determined!  V,  Y^,  and  the 
position' of  the  separation  boundary* 

SuasEiarlaing,  one  can  note  that  combined  systems 
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cannot  be  replaced  in  the  majority  of  cases  by  homogene¬ 
ous  systems  as  regards  the  completeness  of  the  results  ob¬ 
tained  in  their  interpretation*  Continuous  correlation  in 
the  production  of  combined  systems  can  in  many  cases  be  rea* 
lized  at  a  smaller  number  of  observations,  than  if  homoge¬ 
neous  systems  are  obtained  under  the  same  conditions* 

Ratio  of  the  number  of  observations  of  reflected  and 
refracted  waves  needed  in  the  case  of  combined  systems.  De~ 
pending  on  the  data  and  form  of  measurements,  the  'hodograph/ 
of  the  refracted  waves  may  become  more  or  less  significant, 
in  the  combined  systems.  For  example*  when  solving  various 
types  of  stratigraphic  problems,  when  it  is  necessary  to 
separate  and  trace  the  definite  separation  boundaries*  the 
number  of  observations  by  means  of  each  of  these  methods 
can  be  approximately  the  same  or  else  the  dominating  role 
may  belong  to  the  method  of  refracted  waves*  From  the  value 
of  the  boundary  velocity  one  can  identify  here  the  portion 
of  the  separation  boundary,  which  is  separated  as  a  result 
of  damage,  and  the  amplitudes  of  these  damages  can  be  de¬ 
termined* 


Fig.  124  a*  b,  c,  —  systems  of  homogeneous  hodo- 
graphs,  — —  ...  reflected  waves,  —  refracted  waves. 


In  the  investigation  of  regions  that  are  characte¬ 
rised  by  the  presence  of  small  structures,  or  if  It  is 
necessary  to  investigate  a  large  number  of  separation 
boundaries*  the  principal  role  In  the  combined  method  may 
belong  to  the  method  of  reflected  waves.  In  reconnaissance 
measurements ,  when  it  is  necessary  to  obtain  a  general 
idea  of  the  behavior  of  the  separation  boundary  with  a 
minimum  volume  of  of -observations,  observations  at  indivi¬ 
dual  isolated  profiles  by  the  method  of  the  combined  sy- 
stems  of  various  types  may  be  preferable*  The  values  of 
the  boundary  velocities  facilitate  the  interrelation  of 
the  data  obtained  on  separated  sections.  The  number  of  ob¬ 
servations  in  each  of  these  methods  can  be  the  same  in 
these  cases* 

Example,  By  way  of  sm  example  of  a  combined  system 
of  observations  in  the  Investigation  of  several  separation 
boundaries,  we  give  a  scheme  of  observations  that  can  be 
employed  under  conditions  analogous  to  conditions  of  ea¬ 
stern  Apsheron , "  •  where  separation  boundaries  located  at 
great  depth  (up  to  3*5  or  4  kilometers)  must  he  investi¬ 
gated.  The  initial  data  for  the  combination  of  the  scheme 
are  the  following*  a)  there  are  two  reference  levels 
( boundaries  A  and  B)  in  the  prospected  interval- of  depths § 
b)  the  investigation  of  boundary  A,  located  at  a  depth  of 
1-1.5  kilometers,  can  be  most  simply  carried  out  by  obtai¬ 
ning-  a  system  of  hodographs  of  refracted  waves?  the  opti¬ 
mum  '’interval  of  tracing  these  waves  is  3*10  kilometers 
from  the  point  of  explosion*  The  method  of  reflected  wa¬ 
ves  is  applicable  for  the  investigation  of  the  boundary  A 
owing  to ' the  presence  of  interference  from  surface  waves? 
e)  the  investigation  of  the  boundary  B,  which  is  located 


ried  out  most  reliably  by  means  ox  obtaining  combined, 
systems  of  hodographs?  the  optimum  intervals  of  tracing 
the  reflected  waves  are '2-5  kilometers,  and  that  of  re¬ 
fracted  waves  is  5*10  kilometers  from  the  point  of  ex¬ 
plosion. 

On  Fig*  125  is  shown  a  combination  scheme  using  a 
longitudinal  profile  for  the  investigation  of  the  fore¬ 
going  . two  separation  boundaries.  The  system  given,  makes 
it  possible  to  'study  the  boundaries  A  and  B  for  the  same 
points  of  explosion* 


Pig.  125.  Example  of  combined  system:  - -  — .  re¬ 

flected  waves,  — —  —  refracted  waves  (boundary  A) 5 
-*-•-•  —  refracted  waves  (boundary  B). 


4,  increase  in  the  Accuracy  of  the  Interpretation 

Results 


We  shall  show  that  in  the  presence  of  combined  data 
it  is  possible  to  obtain  more  accurate  values  of  the  depths 
and  angles  of  inclination  of  a  separation  boundary,  conse¬ 
quently  to  obtain  a  more  accurate  velocity  cross  section 
in  the  covering  medium. 

The  accuracy  of  interpretation  of  seismic  data  is 
determined  in  most  cases  by  the  accuracy  with  which  the 
value  of  the  velocity  in  the  covering  medium  is  given 
and  by  the  correctness  of  the  method  chosen  for  the  repla¬ 
cement  (approximation)  of  the  real  covering  medium  by  a 
certain  fictitious  medium.  In  an  interpretation. s the  real 
multiply-layered  or  continuously-stratified  medium  is  re¬ 
placed  by  a  homogeneous  medium  (the  method  of  average  velo¬ 
cities),  and  in  certain  cases  by  a  medium  consisting  of  a 
small  number  of  layers  with  constant  velocities,  or  else 
by  a  continuous  medium,  the  velocity  in  which  increases 
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with  depth  linearly#  If  inexact  values  are  assumed  in  the 
interpretation  for  the  velocities  or  if  the  method  of  ap¬ 
proximation  is  incorrectly  chosen,  then  in  the  calcula¬ 
tion  this  leads  to  errors  in  d  ptn  and  shape  of  the  in¬ 
vestigated  separation  boundaries#  The  values  of  the  errors 
in  the  angles  of  Inclination  and  depths  of  the  separation 
boundaries  are  different  when  they  are  determined  by  hodo- 
graphs  of  reflected  and  refracted  waves  [31aJ  •  ^he  diffe¬ 
rence  in  the  values  of  the  angles  of  inclination, and 
depths  of  the  separation  boundaries,  determined  oy  hodo- 
graphs  of  reflected  and  refracted  waves,  corresponding 
to  one  and  the  same  boundary,  may  serve  as  an  Indication 
of  the  error  in  assuming  the  velocity  cross _  section  of  the 
covering  medium  as  assumed  for  the  interpretation#  Only  in 
the  absence  of  such  errors  do  the  sections,  constructed 
by  hodo graphs  of  reflected  and  refracted  waves,  coincide 
with  each  other  and  with  the  true  position  of  the  separa- 
t ion ■ boundary • 

Thus*  the  agreement  between  the  separation  bounda¬ 
ries  constructed  by  hodographs  of  reflected  and  refracted 
waves#  which  are  correlated  with  each  other ,  can  serve . as 
a  criterion  of  the  correctness  of  the  interpretation#  Lack 
of  agreement  -between  these  sections  indicates  the  interpre¬ 
tation  is  in  error#  By  successive  variations  in  the  values 
of  the  velocities  in  the  covering  medium  it  is  possible  to 
attain  agreement  between  separation  boundaries  and  to  de-- 
terrain©  the  true  value  of  the  velocity  in  the  covering  me¬ 
dium# 


We  shall  show  that  the  difference  in.  the'  angles  of 
inclination  and  depths,  in  the  case  of  inaccurate  data^on 
the  velocity  section  of  the.  covering  medium*  •  may  be  quite 
considerable  in  practice,  and  consequently  it  can.  foe  used 
for  interpret at ion*  Let  us  consider  the  question  of  the 
error  in  the  determination  of  the  angles  of  inclination 
and  depths  of  the  separation  boundary  for  the  simplest 
case  of  a  plane  separation  boundary  < angle  (p)  and  con¬ 
stant  values  of  velocities  in  the  covering  medium  Vi,  and 
in  the  refracting  medium  V2#  We  shall  assume  that  the  velo¬ 
city  is  specified  with  a  relative  a  =  ds 


X*  Determination  of  the  Angles  of  Inclination 


Hodograph  of  refracted  waves.  The  error  ACu  in 
the  angle  of  inclination,  determined  by  means  of  k  linear 
hodograph  of  refracted  waves  with  apparent  velocity  V*,  is 
given  by  the  following  formula 


arcsin  U  -f  rn)~  arc  sin  A  (1  4*  m)  —  y,  (  56) 


where  b  ~  Tj/V*. 

In  the  interpretation  by  means  of  two  opposing 
hodographs,  the  formula  for  ^  J  has  the  following  form 


A®  —  4  arc  sin  ~~J~  (1  4-  »»)  —  «rc  sin -*4“  {1  4-  tn)  —an  (  5?  ) 

*  v  g. 


where  ¥*„  and  V*  are  the  apparent  velocities,  determined 
by  the  two  opposing  hodographs  of  refracted  waves* 


An  analysis  of  the  formulas  (56)  and  (57)  shows 
that  the  absolute  value  of  the  error  in  the  angle  of 
inclination,  due  to  inaccurate  knowledge  of  the  velocity 
in  the  covering  medium,  increases  with  the  value  of  m, 
with  the  value  of  0  ,  and  with  the  ratio  Vj/Yp*  ^ie 
sign  of  Acf  coincides  with  the  sign  of  h'  when  m  0; 
when  a  <?.  0,  the  sign  of  A  CD  is  opposite  to  the  sign 
of  <p  * 


Hodograph  of  reflected  waves*  In  the  determina¬ 
tion  of? from  an  element  of  hodograph  of  reflected  wa¬ 
ves,  characterized  by  a  time  of  arrival  t  and  by  an  ap¬ 
parent  velocity  ¥*,  the  error  A  0  in  the  angle  of  in¬ 
clination  is  given  by  the  following  formula 


(58) 


tg  <5  M  —  ft4  —  fern  *2_+  _w )_ 


fa/L  3=  a  TC  Ig*  « — — -"■ — 

‘  *  (1  -j-  m)  if  i  ■f'b*  li  +  tf*)1 


Replacing  b  by  the  ratio  (x-xm)/2B$  where  is 
the  abscissa  of  the  minimum  point  or  the  hodograph.,  we 
obtain 


Af  —  arc  tg 


x  — xm 

sin  <p  —  tn  '  2//  *“  t «! 


y 


—  ? 


(59) 


( t  +  *t)]/  COS*?  —  m  (2  -f  mi  (  j 


The  magnitude  and  the  sign  of  the  error  /_!  cf  in 
the  angle  of  inclination  depend  substantially  on  the  posi¬ 
tion  of  the  interpreted  portion  of  the  hodograph*  The  most 
accurate  determination  is  by  means  of  the  ho do graph  ele¬ 
ment  located  -in  the  region  between  the  minimum  of  the  hodo- 
graph  and  the  point  of  explosion*  The  farther  the  hodograph 
element  from  this  section,  the  lesser  the  accuracy  with  _ 
which  the  angle  of  inclination  is  determined*  When  V*!  4 
the  interpretation  of  the  entire  hodograph  of  refloated  wa¬ 
ves  leads  to  a 'distort ion  in  the  shpae  of  the  separation 
boundary. 


Fig.  126.  Graphs  showing  the  dependence  of  &<p on 

b  =  V3/V*5  m  =  0.1,  Vi/V2  =  0.5.  — - - -  reflected  waves, 

-  refracted  waves.  1)  drop,  2)  rise 
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data*  We  denote  by  &  6fL  the  m&gni- 


tude  of  the  error  in.  the  angle  of  inclination  as  determined 
by  a  reflect ed-wave  hodograph  element  at  the  initial  point 
of  hodograph  of  refracted  waves,  and  by  /O  (2?  ^  the 
value  of  the  error  in  the  angle  of  incl inat ionrwnen  deter¬ 
mined  by  a  single  refract ed-wave  hodograph*  Let  us  compare 
/\  with  C\  due  to  erroneous  values  of  the 

v5lo<k£!Fxn  the  cover inlrfiedium  under  all  these  conditions, 
which  were  assumed  in  the  examination  of  the  corresponding 
questions  for  hodographs  of  reflected  waves  and  forhodo- 
graphs  of  refracted  waves* 

A  comparison  of  formulas  (58)  and  (56)  shows  that 
Z3  <?2*0-n  and  £)  <3? fri  for  the  same  values  of  b  (which 
is  cnaract eristic  or  tne  considered  element  of  the  hodo¬ 
graph  of  reflected  waves  and  hodographs  of  refracted  wa¬ 
ves),  are  in  general  different* 

Fig.  126  shows  graphs  of  the  dependence  of  Z)  <p 
on  b  for  reflected  and  refracted  waves,  calculated  by  means 
of  formulas  (58)  and  (56).  In  the  calculations  it  was  as¬ 
sumed  that  m  =  0.1  and.V1/V2  *  0*5.  For  reflected  waves, 
curves  are  given  for  ^  -  0$,  p  =  10°.  and  O'  =  30°. 

For  certain  values  of  angle  of  inclination  C/J  at  m-  =  0.1 
and  Vi/Vo  =  0.5,  the  values  of  jOx  &  are  listed  in  Table 
10.  7 


Table  10 


y  Do  noaM.y 

°»P  ,  1 

t£4li _ 


Xla  cnyc uf 


nprPfr. 


1)  by  rise,  2)  by  drop 
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Comparison  of  the  values  of  A  jafl  BXl^ 

/^<2Zp,fT  shows  that  only  when  a  =  0  do' the  angles  of  in¬ 
clination  of  the  separation  boundary,  determined  by  the 
element  of  hodograph  of  reflected  waves  and  by  the  hodo- 
graph  of  refracted  waves,  have  the  same  values  and  a re^ 
equal  to  the  true  values .  When  m  ji  0  the  values  of  A  ^refl 
and  /l^efr  <*°  not  coincide  in  magnitude,  and  when  / 

<2? /they  are  of  opposite  sign.  The  difference  in  the 
Values  of  A  ^refl  and  A  f^vefr  reaches  large  values. 

Thus,  the  discrepancy  in  the  angles  of  inclination . 
and  the  shape  of  the  separation  boundaries,  constructed 
by  hodographs  of  reflected  and  refracted  waves,  forming 
the  combined  hodograph  or  obtained  with  the  same  sections, 
may  serve  as  an  indication  of  the  erroneousness  of  the  as¬ 
sumed  value  of  the  velovity  in  the  covering  medium®  The 
equality  of  the  angles  of  inclination  “  flr&fr 

is  evidence  of  correctness  of  the  assumed  value  or  the 
average  velocity. 


2*  Determination  of  the  Separation-Boundary 

Depth 


Hodograph  of  refracted  waves®  The  relative  error 
A  h/h.  in  depth  along  the  normal  to  the  separation  boun¬ 
dary,  determined  by  the  hodographs  of  t  he  refracted  waves, 
in  the  case  of  a  straight  separation  boundary  and  constant 
values  of  the  velocity  ?x  depends  on  m,  and  Vg 

in  the  following  manner: 


hh 

h 


«?  (t  V  rah 


/-my 


/y 


■(t;  y<i +,w)' 


(60) 


As  can  be  seen  from  formula  (60),  the  value  of 
AX  h/h  increases ;  with  increasing  m  and  with  increasing 
Vi/Vg*  The  sign  of  A\  h/h  is  the  same  as  the  sign  of  m. 

Fig.  127  shows  graphs  of  the  dependence  of 
on  m  at  different  ratios  V1/V2*  The  graphs  show  that  the 


absolute  values  of  the  errors  in  the  depth  are  particu¬ 
larly  large  when  m  ^>0. 


Hodogranh  of  reflected  waves.  In  the  interpreta¬ 
tion  of  the  hodograpE  of  reflected  wares $  the  error  in 
depth  along  the  normal  dropped  from  the  point  of  explo¬ 
sion  to  the  separation  boundary ,  is  given  by  the  formula 


d.h  ,A  ,  cos®  V"}  — ■  64  (1  4-  TO)4, 
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(61) 


and  the  particular  case  when  ~  o  and  b  ~  0,  formula 
(61)  becomes 


(62) 


Since  the  quantity  Is  different  for  different  por¬ 

tions  of  the  holographs  then  in  the  interpretation  of  an 
extended  holograph  of  reflected  waves  the  error  in.  the 
determination  of  the  depth  will  be  different  for  diffe¬ 
rent  holograph  elements* 

The _ solid  lines  of  Pig.  128  show  the  calculated 
position  of  the  reflecting  boundary  as  obtained  from  a 
specified  hyperbolic  holograph  of  reflected  waves  at  dif¬ 
ferent  values  of  hi  (the  diagram  is  taken  from  reference 
[53])*  As  can  be  seen  from,  the  diagram^  an  erroneous 
value  of  the  velocity  in  the  covering  medium,  leads  to  an 
error  in  the  depth  and  shape  of  the  separation  boundary* 

,  .  Combined  flats.  Comparison  of  formulas  (60)  and 
(61)  shows  that  the  magnitudes  of  the  relative  errors 
in  the  depth,  are  different  for  the  hod.ogra.phs  of  the 
reflected  and  the  refracted  waves  when  m  *£  0.  The  grea¬ 

ter  the  value  of  m,  the  greater  the  discrepancy  in  the 
depths*  The  differences  in  the  depth  and  the  form,  are 
particularly  large  when  m  0# 


Fig*  128  shows  a.  .comparison  of  the  results  of  the 
determination  of  the  position  of  the  separation  boundary 
by  means  of  opposing  holographs  of  refracted  waims  and  by 
means  of  a  holograph • of  reflected  waves f  corresponding  to 
the  same  horizontal  separation  boundary  at  different  Ta¬ 
llies-  of  ?i«  As  can  he  seen  from  Fig*  128 f  the  ^reflecting55 
and  “refracting”  boundaries  coincide  with  each  other  only 
when  m  »  0*  and  here  they  coincide  also  with  the  true  po¬ 
sition  of  the  separation  boundary*  For  all  other  values 
of  ai  the  results  of  the  determination  of  the  position 
of  the  separation  boundary  by  hodogr&phs  of  reflected  and  • 
refracted- waves  are  different#  The •  form  of  the  separation  . 
boundary*  constructed  by  holographs  of  refracted  waves*  is 
linear*  out  that  obtained  by  holographs  of  reflected  waves 
is  curved |  their  depths  are  different  • 


By  way  of  an  example  of  the  use  of  this  criterion 


of  the  construction  of  a  section  by  means  of  a  specified 
combined  holograph#  Fig*  12$  shows  the  -following t  a)  com¬ 
bined  hodograph*  obtained  at  a  point  of  .explosion  A  consi¬ 
sting  of  a.  holograph  of  reflected  waves  (solid "line)  and 
a  holograph  of  refracted  waves  (dotted)*  and  b)  hodograph 
of  refracted  'waves  (dotted)*  obtained  at  the  point'  of  ex¬ 
plosion  for  450.  and  interrelated  by  mutual  points  with  the 
holographs  at  the  point  of  explosion '0# 


Fig.  129.  Example  of  construction  of  a  separation 
boundary  by  the  combined  hodograph. 


The  determination  of  the  average  velocity  V  by  the 
hodograph  of  reflected  waves,  under  the  assumption  that 
the  separation  boundary  is  plane,  and  that  the  covering 
medium  is  homogeneous,  yields  a  value  ¥  =  850-900  m/sec. 
The  separation  boundary;,  constructed  by  the  hodographs 
of  reflected  waves  at  ¥  =  900  m/s@c  is  shown  by  the  solid 
line  in  the  lower  part  of  Fig.  129.  The  construction  of 
the  refracting  boundary  has  been  carried  out  by  two  oppo¬ 
sing  holographs  of  refracted  waves.  The  boundary  construc¬ 
ted  at  ¥  ss  900  m/sec  is  shown  by  means  of  a  dotted  line. 

As  can  be  seen  from  the  diagram,  the  reflecting  and  refrac¬ 
ting  boundaries  near  these  points  of  contact  do  not  coin¬ 
cide  in  depth  and  differ  in  angle  of  inclination.  This  in¬ 
dicates  that  the  value  of  ?  taken  for  the  construction  is  r 
in  error.  The  construction  of  reflecting  and  refracting 
boundaries  at  values  of  V  equal  to  7 00,  800,  1,000,  1,100, 
and  1,200  m/sec  (see  Fig.  129)  shows  that  only  when  ¥  « 
1,000  m/sec  is  the  refracting  boundary  of  a  smooth  conti¬ 
nuation  of  the  reflecting  boundary.  According  to  the  re¬ 
sults  obtained  above,  this  will  be  the  true  position  of 


the  separation  boundary*  and  the  value  ¥  =  1*000  m/sec 
will  be  the  true  value  of  the  average  velocity  in  the  co¬ 
vering  medium*  From  these  data  it  is  seen  that  the  con¬ 
struction  of  the  section  by  the  combined  holographs  makes 
it  possible  to  establish  the  true  position  of  the • separa¬ 
tion  boundary  and  simultaneously  to  refine  the  velocity 
section  of  the  covering  medium* 

The  conclusions  obtained  are  valid  also  for  more 
general  eases  of  curved  separation  boundaries,  for  a  more 
complex  covering  medium  (stratified,  continuous )•,  and  in 
the  solution  of  not  a  two  dimensional  bat  a  three  dimen-  ' 
t ional  probl em • 

The  increase  in. the  accuracy  .of  the  seismic -prospec¬ 
ting  when  using  the  combined  method  has  a  great  practical 
significance*  particularly  when,  solving  structural  problems 
that  require  the  determination  of  the  position  of  the  se¬ 
paration  boundary  by  small  angles  of  inclination* 


_ %  Construction  of  the  Separation  Boundary  by 
the  Combined  Holograph  Without  an  Initial  Point- 


Let  us'  assume'  that  the  position  of  the  initial 
point  of  the  refracted  waves  is  unknown*  Here  it  becomes 
impossible  to  delineate  exactly  the  regions  of  registra¬ 
tion  of  the  reflected  and  refracted  waves  *  As  a  conse¬ 
quence  of  this  it  is  impossible  to  interpret  the  parts  - 
of  the  hodo graph  in'  the  region  of .  the  initial  point,  sinci 
it  is  unknown  whether  this  part  corresponds  to  the  hodo- 
graph  of  the  reflected  or  of  the  refracted  waves.  IT  this 
part  is ^ not  interpreted,  then  one  obtains  unavoidably 
discont iauit ies  in  the -separation  boundary  and  the  compa¬ 
rison  of  the  sections  of  the  reflecting  and  refracting 
boundaries  becomes  difficult. 

VI®  shall  show  that  if  the  position  of  the  initial 


entire  combined  hodograph* 

At  the  initial  point  the  following  conditions  are 
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satisfied? 


Corresponding  to  the  initial  point  ol  the  &odo*» 
graph  of  refracted  waves  is  the  point  on  the  separation 
boundary-  at  which  &  section  of  the  boundary,  constructed 
by  the  holograph  of  reflected  waves,  is  tangent  to  the  sec¬ 
tion  of  the  boundary,  constructed  by  the  hodograph  0.1  re¬ 
flected  waves® 

Correspondingly,  the  elements  of  the  separation 
boundary,  constructed  by  this  portion  of  the  holograph 
coincide  with  each  other  when  it  is  interpolated  either 
by  the  formulas  for  the  reflected  waves  or  by  the  formu¬ 
las  for  the  refracted  waves.  If  one  employs,  on  t  he  other 
hand,  the  formulas  for  the  determination  of  the  depths 
and  angle  of  inclination  of  the  separation  boundary 
any  part  of  the  combined  hodograph*  assuming  this  part 
to  be  the  initial  one,  it  is  possible  to  obtain  diffe¬ 
rent  values  of  these  quantities  when  t  hey  a?e  calculated 
by  the  formulas  of  reflected  and  refracted  waves. 

We  shall  assign  different  values  to  the  coordinates 
of  the  initial  points,  shifting  over  the  combined  holograph, 
and  for  each  .of  the  positions  of  the  initial  point  we  shall 
construct  the  separation'  boundary. 

In  the  interpretation  of  the  part  of  the  hodo- 
■graph  ahead  of  the  initial  point,  by  means  ol  the  methods 
used  for  reflected  waves ,  a  separation  boundary  is  out. amea 
which  we  shall  call  arbitrarily  #r ©fleeting**.  The  extent  oi 
this  boundary  depends  on  the  position  assumed  for  the  ini¬ 
tial  point.  The  greater  the  abscissa  of  the  initial  point, 
the  longer  will  be  the  "reflecting”  boundary.  This  boun¬ 
dary  will  coincide  with the  true  separation  boundary  wnen 
it  is  constructed  by  the  section  of  the  combined  hectograph, 
corresponding  to  the  hodogranh  of  reflected  waves*,  In  the 
construct ion" of  the  "reflecting*  boundary  by  means  of  the 
section  of  the  combined  holograph  corresponding  to  the 
hodograph  of  the  refracted  wave,  one  obtains  an  erroneous 
shape  of  the  separation  boundary  and  an  erroneous  depth 
for  it * 


past 


In  the  interpretation  of  the  part  of  the  hodograph 
10  assumed  initial  point,  using  the  methods  for  the 


refracted  waves,  a  family  of  separation  boundaries  is  ob* 
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tained*  The  position  of  each  of  the  separation  boundaries 
is  determined  by  the  depth  at  the  reference  point*  By  way 
of  such  a  point  it  is  natural  to  take  the  depth  at  the 
initial  point,  determined  in.  the  interpretation  of  the  part 
of  the  holograph.,  which  belongs  to  t  he  holograph  of  reflec¬ 
ted  waves®  We  shall  arbitrarily  call  these  boundaries  “re- 


The  “refracting#  boundaries  intersect  the  “reflec¬ 
ting”  boundary.  Among 'all  these  boundaries  there  is  only 
one  pair  of  “refracting”  and  “reflecting#  boundaries, 
which' are  tangent  to  each  other*  According  to  the  above, 
this  indeed  determines  the  true  position  of  the  separa¬ 
tion  bound ary  * 

In  practice  the  construction  of  the  separation 
boundaries  is  conveniently  carried  out  by  the  method  of 
time  fields  [52],  used  for  the  interpretation  of  the  holo¬ 
graphs  of  reflected  and  refracted  waves®  From  the  construc¬ 
ted  field  of  the  isochrons  it  is  possible  to  determine  the 
position  of  the  “reflecting#  boundary  in  the  entire  family 
o f  “ refract ing “  bound ariea * 

Let  us  explain  this  method  using  as  a  simplest 
example  the  horizontal  separation  boundary  for  constant 
values  of  the  velocities  in  the  covering  medium,  V* ,  and 
in  the  refracting  medium,  7n»  On  Fig,.  130®  In  .the  tipper 
'part,  is  shown  a  combined  h6dograph,  constructed  for  ¥•»  » 
SLka/see,  Yg  «  4  km/ see,  and  H  -  1  km* 

Let  us  use  the  garphic  method  for  solving  this 
problem 5  in  this  case  this  method  is  the  clearest  and 
simplest » 

We  shall  interpret  the  combined  holograph  either 
in  its  entirety  or  the  holograph  that  includes  the  holo¬ 
graph  of  the  reflected  waves  and  part  of  the  hodograph  of 
refracted  waves,  assuming  it  arbitrarily  to  fee  the  holo¬ 
graph  of  reflected  waves «  As  a  result  we  obtain  a  certain, 
separation  boundary ‘ { solid  line)*  This  boundary  is  straight 
and  coincides  with the  true  boundary  in  the  section  corres¬ 
ponding  to  the  actual  hodograph  of  reflected  waves,  and 
differs  from  the  true  in  the  section  corresponding  to  the 
actual  hodograph  of  the  refracted  waves* 
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We  shall  interpret  the  combined  hodojgraph,  which 
Includes  the  hodograph  of  refracted  waves  and  a  part;  of 
the  hodograph  of  reflected  waves,  assuming  it  to  be  arbi¬ 
trarily  the  hodograph  of  -  refracted  waves*  We  obtain  a. 
certain  boundary ’ ( dotted  lines).  A  section  of  this  boun¬ 
dary,  corresponding  to  t  he  actual  hodograph  of  the  refrac¬ 
ted’  waves-,'  has  a  straight-line  form, '  the  same  as  a  true 
separation  boundary;  the  section  corresponding  to  the  ac¬ 
tual  hodograph  of  reflected  waves,  has  a,  curved,  form,  dif¬ 
ferent  from  the  form  of  the  true  separation  boundary.  The 
position  of  this  boundary  in  depth  depends  on  the  posi¬ 
tion  of  the  initial  point  of  the  hodograph  of  refracted 
waves .  By  specifying  different  values  of  the  abscissas 
’of . the  initial  points,  we  obtain  a  family  of  boundaries 
(dotted  lines),  each  of  which  intersects  the  boundary 
(solid  line)  at  an  angle  different  from  zero.  The  true  po¬ 
sition  of  the  separation  boundary  is  determined  from  the 
condition  that  one  of  the  refracting  boundaries  is  tangent 
to  ihe  reflecting  boundary  ( solid  line). 

In  the  lower  part  of  Fig®  130  are  given  the  results 
of  the  construction  of  the  refracting  and  reflecting  boms,-- 
daries  at  different  abscissas  of  the  initial  point  (x-* ,  Xg, 
xo,  3Ca ) *  The. heavy  lines  (solid  and  dotted)  show  the  true” 
position  of  the  separation  boundary,  which  is  obtained  at 
an  abscissa  X4.  for  the  initial  point . 

Thus.  in.  the  presence  of  a  combined  hodograph 
without  a  fixed  initial  point,  it  is  possible  to  determine 
uniquely  the  position  of  the  separation  boundary. 


This  conclusion  and  the  same  proof  hold  also  in  the 
general  case  of  a  curved  separation  boundary  and  any  speci¬ 
fied  law  of  distribution  of  the  velocities  in  the  covering 

medium.  ' 


6*  Use  of  the  Combined  Method 


The  use  of  the  combined  method  is  possible  in  those 
regions,  where  the  method  of  reflected  waves  and  the  .corre¬ 
lated  method  of  refracted  waves  are  applicable  to  some  ex¬ 
tent  separately. 
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Experience  in  experimental  seismic  operations  ha; 
shown  that  in  practically  all  the  regions  it  is  possible 
to  employ  these  two  methods  to  some  extent  or  another. 


Depending  on  the  sei smog eolog leal  conditio, 
following  cases  arise? 


**}s  'f-  \r>, 
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1)  All  or  several  separation  bomdari.es  contained 
in  the  section  are  accessible  for  study  by  both  methods s 
2.)  some  boundaries  can  be  studied  with  the  aid  of  the  re¬ 
flections  and  the  others  with  the  aid  of  the  method  of 
refract ions 9  and ^3 )  in  some  sections  It  is  possible  to  •  • 
employ  the  method  of  reflections,  and  in  others  the  method 
of  refractions*  The  combined  method  has  the  greatest  advan- 
tagess  in  the  first  case*  In  each  of  the  succeeding  cases 
the  capabilities  of  the  combined  method  are  reduced  some- 
what*  blit  invariably  the  combined  method  makes  it  possible 
to  obtain  more  complete  and  more  exact  results  than  each 
of  the • other  methods  separately# 

1}  In  the  former  ease  a  mixed  correlation  is  pos- 
sinle  by  phases  of  refracted  and  reflected  waves*  The  wa¬ 
ves  corresponding  to  a  definite  separation  boundary*  can  be 
traced  in  sections  closer  to  the  point  of  explosion  bv  pha- 
ses  of  reflected,  waves,  and  at  far  sections  (beyond  the' 
initial  points  of  the  hodograph  of  refracted  waves)  they 
can  ^traced  by  phases  of  refracted  waves #  This  makes  it 
possible  to  trace  the  waves  corresponding  to .one  and  the 
same  separation  boundary  at  greater  distances  and  with 
xess  ooservations,  than  by  means  of  the  individual  methods# 
In  mixed  correlation  less  explosion  points  are  necessary# 
much  reduces  the  number  of  interrelation  elements  by  lira- 
ttiai  points  and  leads  to  an  increase  in  the  reliability 
of  the  correlation#  In  addition,  it  is  possible  to  verify 
the  -correctness  of  the  correlation  of  the  waves  of  one 
type  by  means  of  correlation  of  waves  of  another  type, 

,  _  2k  3 bint  interpretation  of  these  two  methods,  as 

si.i.own  a  cove,  it  is  possible  to  obtain  greater  accuracy 
and  uniqueness  of  the  results • 
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In  some  cases  It  is  easier  to  investigate  greater  depths 
■with  the  aid  of  the  method  of  reflection  than  with  the 
ale  of  the  method  of  refraction*  and  the  method  of  r«~ 
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3)  In  the  third  case,  in  the  investigation  of  the  . 
data  obtained  by  the  method  of  refracted  waves  it  is  pos¬ 
sible  to  employ  information  on  the  average  velocities,  ob¬ 
tained  in  the  interpretation  of  the  holographs'  of  the  re¬ 
flected  waves,  registered  in  the  neighboring;  or  closely 
located  section* 

In  this  case  it  is  possible  to  study  a  greater 
area  than  by-  means  of  each  of  the  methods  separately 5 
for  example,  sections  which  are  inaccesible  to  investiga¬ 
tion  with -die  aid  of  the  method  of  reflections,  because  of 
interference  produced  by  surface  waves,  can  be  investigated 
with  the  aid.  of  the  method  of  refractions. 


The  ever  increasing  complexity  of  the  problems, 
which  must  be  solved  by  seismic  methods,  requires  an  ever 
increasing  accuracy  and  detailed  prospecting*  As  has  been 
shown  by  the  experience  with  experimental  investigations 
and  by  an  examination  of  many  problems  of  Interpretation 
and.  methodological  character,  this  can  be  reached  most 
effectively  in  the  combined  utilization  of  the  method  of 
reflected  waves  and  the  correlated  method  of  refracted 
waves „ 

When  using  the  combined ' method  it  is  possible  to 
study  more  completely  the  structure  of  the  medium,  than 
by  using  each  method,  separately*  k  more  complete  study 
of  the  velocity  section  of  the  medium,  is  possible,  a 
study  of  a  larger  number  of  separation  boundaries,  of  a 
larger  interval  of  depths,  and  greater  areas  than  by  the 
method  of  reflected  waves  alone  or  by  the  method  of  re¬ 
fracted  waves  alone*  When  employing  the  combined  method 
it  is  possible  to  increase  the  accuracy  of  the  results* 

A.  comparison  of  the  data  of  the  interpret  at  ion  of  the 
holographs  of  reflected  waves  in  the  holographs  of  re¬ 
fracted  waves,  forming  the  combined  systems,  make? it 
possible  to-  refine  the  position  of  the  separation  bounda- 
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shows  that  the  combined  systems  are  Irreplaceable  by  sy¬ 
stems  of  hodographs  of  only  reflected  or  only  refracted 
waves*  as  regards  completeness  and  accuracy  of  the  results 
obtained-* 
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